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ION-EXCHANGE CHROMATOGRAPHY OF 
AMINO ACIDS IN TOMATO JUICE 


GEORGE SARAVACOS"*, B. S. LUH, anp SHERMAN J. LEONARD 
Department of Food Technology, University of California, Davis, California 


-- 


(Manuscript received December 24, 1957) 


Amino acids are important constituents in food products because of their 
nutritive value for protein synthesis, their influence on flavor acceptance, and 
their effect on the storage stability of processed foods (2), especially when 
the product is stored at higher temperatures (4). Many of the earlier chemi- 
cal methods for the determination of amino acids were not satisfactory when 
applied to food materials containing carbohydrates and other substances. 
Chemical methods based on isolation procedures were frequently laborious 
and impractical. Lyman and Kuiken (5) used microbiological assay proce- 
dures to determine amino acid composition of meat. Ion-exchange column 
chromatography for the quantitative determination of amino acids has been 
successfully used by Hulme (3), Miller and Johnson (6), Moore and Stein 


(7,8), Partridge (10), and many others. If the conditions are carefully fol- 
lowed, successful separation of each individual amino acid is assured. 

Lyman and Kuiken (5) reported a few essential amino acids in tomatoes, 
but their work was based only on microbiological methods. Furthermore, no 
information was given regarding the relative quantities of free and conju- 
gated amino acids in tomatoes. In this report, the nature and quantity of 
each individual amino acid present in canned tomato juice in both the free 
and conjugated form were investigated by paper chromatography and by 
ion-exchange column chromatography method. The effect of nitrogen ferti 
lizer application on yield per acre and on the amino acid content of tomato 
juice 1s also reported 


EXPERIMENTAL MATERIALS AND METHODS 


Tomato fruits. In a preliminary experiment in 1955 tomatoes of the improved Pearson 
variety, grown in Alameda County, were processed and analyzed for amino acid distribution 
in both free and combined form (Table 3). In 1956, the same variety was grown under 
various levels of fertilizer application on Livermore clay loam soil in a commercial field in 
Alameda County. The field had been used for growing alfalfa in the previous 4 years and 
no fertilizers had been applied. For the 1956 season, the tomato plants were transplanted 
in the field on May 11, and the fertilizers were applied on May 15-16, 6 inches away from 
the plants and 6 inches deep. Each plot consisted of 4 rows 93 feet long. The plants were 
set 18 inches apart, and the distance between rows was 5 feet. Nitrogen, phosphorus and 
potassium were applied in various combinations and amounts to eight plots. The fertilizer 
treatments are described in Table 1 

The tomatoes were harvested at canning maturity on September 19, 1956, and care was 
taken to obtain representative samples of uniform maturity as judged by visual skin color 

Canning. Essentially the same procedure was followed in preparing tomato juice from 
both the 1955 and 1956 packs, with one exception: the 1955 pack was prepared according to 
the “cold break” process, i.e., the tomatoes were crushed at room temperature, whereas the 
“hot break” method was used for the 1956 pack. All the processing equipment was made 
of stainless steel to reduce vitamin C losses 

Each lot consisted of 120 Ibs. of tomatoes. The tomatoes were washed with sprays of 
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TABLE 1 
Effect of fertilizer treatments on yield and composition of tomatoes 
Alameda County, 1956 season 


Nutrients added 


C . " 
Treatment No Fertilizer Ibs. per acr 
material 


Control 0 22 06.43 
NH4yNOsz 120 L 108.30 
NH4gNO3z 120 120 . ». a. 107.90 
TSP! 

NH4gNO3z 120 120 120 

TSP! 

KeSO, 

NH3 

NH3 

NHa 

TSP! 

NH3 

TSP 1 


1TSP = Tripl 


! water, sorted, trimmed, and stemmed. They were then crus! 
“spike-pump” with simultaneous injection of steam at 30 p.s.ig 

The temperature of the crushed tomatoes on leaving the spike-pump w: 
macerate was pumped into a paddle finisher with a screen of 0.033-inch 
juice was pumped immediately into a high-speed centrifugal vacuu 
under 20 inches of vacuum. The deaerated juice was pumped by 
pump into a steam-heated coil heat exchanger and heated to 198° F 


hot juice was pumped into a surge tank, where 0.75 percent NaCl was 
filled into No. 2 cans (401 x 411) at 160° | The 1 ; ] - 


210 


pressure, processed in a rotary cooker at 
cooler to 100° F. The samples were stored at 68° F 

were made. The samples of the 1955 season 

months, lyophilized in a Stokes freeze-drier, and 

When needed, the lyophilized product was reconstructe 

concentration as the fresh tomato juic 

Soluble solids. Soluble solids content was determined by reading the Brix scale 
Zeiss Opton Refractometer. The readings were corrected to that at 20° C. and express« 
percent soluble solids 

Total nitrogen. The standard Kjeldahl method was used. Ten-ml. portions 
samples were used for digestion. Fifty ml. of 3% boric acid were used in the Erlent 
flasks to receive the distilling ammonia. The results were expressed as mg. nitrogen 
100 ml. of juice. 

Qualitative analysis of amino acids. Principally, the free amino acids of the var 
samples of tomato juice were determined. The two-dimensional paper chromatogra] 
method as described by Block (1) was used. The amino acids of each sample were 
purified by the following procedure: the tomato juice was centrifuged and 10 ml. of the 
clear serum was applied to a Dowex 50 x 4 cation exchange column. The resin was 
prepared in the hydrogen form by treating the sodium salt with 2N HCI according to 
Moore and Stein (7,8). The column was washed with 150 ml. of distilled water to remove 
the sugars. The amino acids were liberated by treating the resin with 2N NHyOH. The 
solution containing the amino acids was evaporated under vacuum to almost dryness. The 


1 


residue was dissolved in 10 mil. of distilled water and used directly for paper chroma 
tography. When large amounts of cations were present, the solution of amino d 
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FREE AMINO ACIDS OF TOMATO JUICE 
(Non Fertilized sample) * 
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Figure 1. Ion-exchange chromatography for amino acids in tomato juice 
(non-fertilized sample). 


FREE AMINO ACIDS OF FERTILIZED TOMATO JUICE 
(120 Ibs. Ammonia N per acre) 
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Figure 2. Ion-exchange chromatography for amino acids in tomato juice 
(120 Ibs. ammonia N per acre). 


in a boiling water bath for 30 minutes. After cooling to room temperature, the tubes were 
shaken for 1 minute and diluted with 3 ml. of 50% ethyl alcohol. The blue color was read 
in a Klett-Summerson photoelectric colorimeter using a green filter (No. 54). A standard 
curve with various concentrations of leucine was prepared. The color coefficients for the 
individual amino acids as described by Moore and Stein (8) were used. For the identification 
of the amino acids in the effluents, paper chromatograms were made using smail amounts 
of the effluents where the peaks appeared. The sequence of amino acids in the chromato- 
grams was influenced by the flow rate, the strength of the buffers, and the temperature of 
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the column. It was necessary, therefore, to keep the whole system under constant and 
uniform operating conditions 

A synthetic mixture of the amino acids known to be present in tomato juice was 
chromatographed to assure the position and purity of fractions at each peak 

The amount of each amino acid was calculated by the analytical integration method 
The absorbance of the sample (Klett value) was converted to mM of leucine by means of 
a standard curve. The sum of the leucine milli-equivalents for each amino acid was 


calculated. The amount of each amino acid present in the effluents is given by the formula 


x Lx M x 100 
: (mg. per 100 ml. tomato juice) 
b x C X 1000 


where a = ml. of the effluent fraction 
b = ml. of the sample used (2 ml.) 
C = color coefficient of the amino acid (leucine, 
L = sum of the leucine mM 
M = molecular weight of the amino acid 


RESULTS 
Effect of fertilizer application on yield and composition. Table | 
shows the effect of various fertilizer treatments on yield and total nitrogen 
The soluble solids content of the tomatoes was not materially 


content, 
changed by the various inorganic plant nutrients, provided the fresh fruit 


was harvested at comparable stages of maturity. 

Paper chromatography of amino acids. The canned tomato juice con 
tained the following free amino acids as determined by two-dimensional 
paper chromatography: alanine, asparagine, aspartic acid, glutamic acid, 
glutamine, glycine, leucine, serine, threonine, and valine. There was no de- 
tectable change in the qualitative amino acid composition due to the applica 
tion of fertilizers. The typical paper chromatograms of amino acids present 
n tomato juice are about the same as those of the amino acids present in soy 
sauce (9). On acid hydrolysis, two additional amino acids were found, ar- 
ginine and phenylalanine. Glutamine and asparagine were not present in the 
chromatograms of the hydrolyzate because they were hydrolyzed in acid 
solution to the respective amino acids. A total of 10 amino acids was found 
\mong these are 5 essential amino acids — arginine, leucine, phenylalanine, 
threonine, and valine. Serine may be considered as a_semi-indispensable 
amino acid which ts also present in tomato juice 

Ion-exchange chromatography. The free amino acids of tomato juice 
were determined quantitatively by ion-exchange chromatography, and_ the 
results are shown in Table 2. Attention was directed to those samples which 
showed higher increases in amino nitrogen due to the fertilizer application, 
which would give a better illustration of the quantitative changes of amino 
acids 

For a complete picture of the nitrogen distribution, the combined and free 
amino acids of one sample of tomato juice were determined (Table 3). The 
total amino acids were determined in the acid hydrolyzate. The quantity oi 
the combined amino acids was calculated by subtracting the free from the 
total amino acids, assuming there was no destruction of the amino acids dut 
ing acid hydrolysis 

The data shown in Table 2 indicate that application of fertilizers brought 


about an increase in some amino acids but no practical change in others. The 
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TABLE 3 
Distribution of amino acids in canned tomato juice 
(Control Sample, 1955 season ) 


DISCUSSION 


yraphy 


Its tound 
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present investigation the essential amino acids histidine, isoleucine, lysine, 
and methionine were not found, Alanine, aspartic acid, glutamic acid, glycine 
and serine were found by the ion-exchange method as used in this investiga- 
tion, but were not investigated by Lyman and Kuiken. Results presented here 
indicate that glutamic acid is the major amino acid in tomato juice. Appli 
cation of fertilizers brought about an increase in some amino acids but no 
practical change in others. It seems likely that the amino acid composition 
of tomato fruit differs to some extent with the mineral nutrition in the soil 
In Table 3 it is shown that most of the amino acids were present in the 
combined form rather than the free form. This condition was more evident 
in the case of glutamic and aspartic acids. Glutamic acid appeared to be the 
most abundant of all the free amino acids. It may serve as a donor of an 
amino group in transamination reactions. In addition, mono sodium gluta 
mate, a known strong flavor constituent, could contribute a great deal to the 


Havor of tomato juice. 

It should be noted that the paper chromatography and ion-exchange 
methods identify only the ninhydrin positive compounds. 
lytical procedure is needed for the determination of certain other nitrogenous 


\ different ana 
compounds, such as pyrrolidonecarboxylic acid (72). Proline and hydroxy- 
proline, which give vellow colors with ninhydrin, were not estimated with this 
reagent. Possingham (1/7) identified proline in tomato shoots by spraying 
the paper chromatogram with a saturated solution of tsatin in ethanol and 
then heating at 65° C. for 30 minutes. Under this condition only proline and 
hydroxyproline give blue colors. This test was not used in the present investi 
gation. In the present work arginine was not detected in the free state, but 
its presence was evident in the acid hydrolyzate. Its absence in the free form 
might be caused by its chemical reaction with reducing sugars during storage 
through the browning reaction. It is known that arginine and other basic 
amino acids are far more reactive with reducing sugars in the Maillard type 
of browning reaction (2). Storage of the canned product, especially when 
the storage temperature is high, accelerates this reaction. 

Tryptophane has been reported by some workers to be present in tomato 
plants and fruits but not in processed tomato products. This amino acid was 
not detected in the present investigation, nor was Possingham (//) able to 
find tryptophane in tomato shoots. Its absence in canned tomato juice may 
be explained by the destructive effect of heat in acid medium on this amino 
acid during processing. Alkaline hydrolysis of the tomato juice proteins also 
failed to show a detectable amount of tryptophane. 


SUMMARY 


The effect of inorganic fertilizer application on yield and amino acid com- 
position of tomatoes has been investigated. Yield increased from 22.3 tons 
per acre in the ccatrol sample to a maximum of 33.7 tons in a fertilized sam 
ple, the increase varying with the type and quantity of fertilizer applied 
Total nitrogen content in the tomato fruit increases with increased amounts 
of nitrogen applied in the field. Two-dimensional paper chromatography indi 
cated the presence of the following free amino acids in canned tomato juice : 
alanine, asparagine, aspartic acid, glutamic acid, glutamine, glynine, leucine, 
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serine, threonine, and valine. Acid hydrolysis of the tomato juice revealed 
the presence of two additional amino acids, arginine and phenylalanine. 

Free and combined amino acids in canned tomato juice were determined 
quantitatively by Dowex 50x 4 cation-exchange column chromatography. 
Glutamic acid is the major amino acid in tomato juice. Aspartic acid, aspara- 
gine, glutamine, alanine, and valine are also present in considerable amount. 
Application of fertilizers brought about an increase in some amino acids but 
no practical change in others. The quantity of glutamic acid, aspartic acid, 
glutamine, asparagine, alanine, and valine increased to a certain degree. This 
increase is more definite in samples treated with a high amount of anhydrous 


ammonia 
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DISAPPEARANCE OF SORBIC ACID FROM BRINES 








Figure 1. Spectra of sorbic acid in aqueous acid and alkali. 


TABLE 1 
Absorption coefficients of sorbic acid 


01N NaOH 


Assay procedure. 
id) a macro-hKyeld 
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TABLE 2 
Rate of steam distillation of sorbic acid 


Recovery (‘ 
Distilland Successive 
volume fractions Single 
tion Cumulative 


200 ml 


100 ml. 


3 
Distillation recovery of sorbic acid 


Recovered 


co) 


1. 
1. 
LZ 
1. 
1. 
i. 
1. 
l 


1IN HeSO, 


The distillate is acidified with 1.00 ml. of 1.00N HCI and made to the 100 ml. mark 
with distilled water. The absorbance of the acidified distillate 1s determined against 0.0100\ 
HCI at 263 mu. After subtracting the absorbance of a comparable blank sample without 
sorbic acid, the net absorbance at 263 mu 1s converted to micrograms of sorbic acid, using 
the absorption coefficient 234 liter/gram-cm. 

In our experience the blank of pickle brine plus reagents has corresponded to about 
4 to 5 ug. of sorbic acid per ml. of brine and has been so constant that little risk of signif 
icant error would have incurred in running only occasional blank determinations. All spec 
trophotometric measurements in this work were made by scanning spectra from 200 to 400 
mu in a Cary Model 14 recording spectrophotometer 

Since commercial macro-Kjeldahl distillation equipment contains rubber connections, 
it 1s important to clean out the stills well by distilling water through them so as to wash 
out any UV absorbers released by the rubber. For analysis of very high precision the use 
of all glass apparatus with a lewer ratio of inner surface to liquid volume and without 
the presence of rubber would be preferable. However, in view of the genera ision level 
of absorbance measurements, the use of commercial Kjeldahl equipment is J “by 
convenience for routine analyses. 

From the data on Table 2 it appears that a slight gain in recovery at the expense « 


increased distilling time might be obtained by doubling the amounts of reagents (200 g 
MgSO,°7H,0 and 200 ml. 0.1NV H,SO,). The U.S.P. grade of magnesium sulfate hepta- 
hydrate appeared to be as satisfactory as the A.C.S. grade in this application 
Fermentations and sampling. Commercial production tanks were made available 
through the kind cooperation of Nalley’s, Inc., at their Tacoma, Washington, plant. The 
6 pairs of tanks cited in Table 4 varied in raw material and other factors that need not be 
given here, but each pair was matched as closely as feasible unter production conditions ix 
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TABLE 4 
Persistence of added sorbic acid in cucumber fermentations 


grams/ml.) Peak veast count 
Trough Sampling (leg No. per al 
Sorbie ntrol 


D./ 


ided in this table t 
reported for experi 


) 


lays, and were 


= 4.6) was 


sept mber 


salt solutior 


sorbic liter volun 
lescribed by Etchells and Jones 
e side of each tank, and fro 

had been 


from the center of the 
lemonstrated 1 
to the les | 


Brines were sampled as « 


Scoaae , 
a il a Ci 
uld % ield ipproximatels 


]1 week elapse: 


rk 
peri 


RESULTS AND DISCUSSION 


Sorbic acid has been widely propose 1 as a food preservative 
its mold and yeast inhibiting action and its low toxicity. Its determination in 
low concentration is made relatively easy by steam volatility and its very high 
light absorption in the ultra-violet due 


analytical methods for submilligrar 


be cause of 


to conjugated unsaturation. Published 
n amounts are based on these properties 
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for 


( ) 
/ id i 


There is considerable variation in the reported values (6, 9, 11], 12 
both the wavelength and extinction of the sorbic acid absorption maximum 
While some of this variation is due to solvent differences and purity of the 


sample, a considerable amount appears to be due to lack of control of the two 
ditterent spectra, one for the acid and another for the salts of sorbic acid 
(that is, sorbate ion). In view of the lack of agreement in the literature, the 
spectra of commercial all-trans (6) sorbic acid was measured from 200 to 400 


my in 0.01.NV HCl and 0.01N NaOH and the acid was then recrystallized re 


peatedly to constant spectrophotometric behavior. The purification raised the 


specific absorbance about 2%. The acid and alkali: 

crystallized sorbic acid are shown in Figure 1, where it 1 

and alkali maxima differ by 9 mp and their extinctior 
; z ) 


Lack of control of acidity in the solutions whose absorbance 


measured can cause errors of two kinds in a test based in a single wave 


is ely 


length: first, error due to the different absorbances at the maxima in acid 
and base, and, second, that due to the wave length shift of the spectrum with 
acidity. The first error would be at most 6%. The second kind of error 
could, however, be much higher. If, for example, the acid specific absorp 
tion coefficient and wave length were applied to a solution of the sorbic acid 
salt, an error of about 20% would occur. The method of Luckmann and 
Melnick (8,9) avoids errors of this second type by recommending that, rather 
than a single absorbance reading, a series of readings be taken to locate the 
maximum and then that an arbitrary absorption coefficient be applied. The 


effort of locating the absorption maximum for each determination may be 


] 
4 


avoided readily by making the spectrophotometric readings in a solution of 
acid or alkali so that a known form of the sorbic chromophore is examined. 
To be sure, the shape of the absorption curve may be influenced by high 
blanks which should be investigated where present. 

Luckman and Melnick call attention to the dependence of steam distilla 
tion yield on acidity of the distilland and recommend that highly buffered 
flood slurries, the pH of which is above 6, be acidified to pH 4.5. At pH 4.5 
nearly half is still in the tonized state, a condition which would tend to slow 
the rate of steam distillation. The gross errors which can arise from uncon 
trolled acidity of the distilland can be avoided by routine addition of a strong 
non-volatile acid such as H2SO, to the slurry being distilled. This practice 
eliminates the need of pH examination of individual sample slurries and, 
furthermore, should contribute to constancy of control samples, some of 
whose UV-absorbing constituents may also have a pH dependent steam vola 
tility and spectra. 

As shown in Table 2, spectrophotometric examination of successive incre 
ments of distillate from an acidified distilland indicates the early portions of 
the distillate to be rich in sorbic acid relative to the later portions. Thus a 
second distillation (9) after replenishing the water in the distilland is not ne 
essary. This permits a simplification of the apparatus and manipulations f 
the steam distillation step, making possible the use of commercial macro 
Kjeldahl! distillation equipment commonly found in food laboratories. | 


the terminal stages of the distillation collection of distillate should be in 


e I TOIVSIS OCCUrs. 


upted Deis ‘D 
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2 indicate the d stillation recovery to be about 


harge is 100 ml. of O.OIN HeSO, and 100 g. 
1 ‘overy might be a hieved by doubling 


1 
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Steam distillation of macerated bulbs of the common onion yields a vola- 
tile oil with a pungent and lasting odor (6). On the basis of previous re- 
search (7,8, 13) on chemical composition, onion oil appeared to contain allyl 
propyl disulfide as the chief constituent, thiopropionaldehyde or thioallylalde- 
hyde as the lachrymatory principle, hydrogen sulfide, propionaldehyde, and 
n-propyl thiol. A recent investigation concerning the chemical composition of 
onion volatiles by Niegisch and Stahl (72) has involved the application of 
mass spectrometric and infrared spectroscopic analyses to various fractions 
of onion emanations obtained by low temperature distillation and gas parti- 
ion chromatography. Of the ten components reported, five were sulfur-con- 
taining compounds with n-propylthiol present in abundance and hydrogen 
sulfide, sulfur dioxide, dipropy] disulfide and possibly B-hydroxy propanethiol 
No allyl propyl disulfide was reported present 


(Jur interest in this area was in regard to the nature of non-volatile pre 
Stoll 


occurring in lesser amounts 


cursors of the various volatile sulfur compounds reported from onions 
and Seebeck (174,15) in a similar study of volatile production in garlic, iso 
lated a compound which served as the precursor to allicin, the anti-bacterial 

be a sulfoxide 


> > 


, This precursor Was nown to 


je of garlic oil (2,. 
the name alliine. 


mew 
nchy 


crivative of cysteine, S-allyl-cysteine sulfoxide, at 


0 
H 1 
CH.—S—S CH, 
\llicin 
| Dially] thiosulfinate | 


0 


1 
CHs = CH — CHz — 8S — CH2g — CH — CO.2H 


NH: 


Allune 


| S-allyl-cysteine sulfoxide | 


Cleavage of alliine by alliinase, an enzyme preparation from garlic, resulted 
in the formation of allicin, pyruvic acid and ammonia. Pyruvic acid produc- 
tion under these conditions is of considerable interest since Morgan (9) and 
Bennett (/) have reported appreciable amounts of pyruvic acid in onion juice 
and only small amounts in intact onion tissue. Vilkki (/0) examined onions 
in an attempt to identify a pyruvic acid precursor and reported the presence 
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of a sulfur containing amino acid, which when added to fresh onion juice, 
both increased the pyruvic acid content and fortified the onion odor. This 
compound was reported to be identical with the alliine of garlic. 

This report is concerned with an examination of mature onion bulb tissue 
for the presence of alliine and other non-volatile sulfur compounds which 
might be related to the production of volatile, organic sulfur compounds. 


EXPERIMENTAL 


Chromatography of known sulfur amino acids. Preliminary paper chromatograph 
ic examination of cation fractions of onion extracts showed the presence of several 
representing sulfur-containing amino acid kin t 
data with known compounds for comparisor 
cystine, homocysteine, cysteic acid, methionine 
tained from commercial sources. Alliine, S 
S-propyl-cysteine were synthesized according to the 1 

Whatman 


in a descending manner at room temperatur I 


» mples of each amino acid were spotted on 


dine-water (65 :35 v/v): phenol saturates 
(4:1:1lv/v). After drying the papers in a 
various sulfur compounds were detern 

17). A comparison of the chromatogr 
given in Table I which represents averages 


solvent system. 


TABLE 1 
A comparison of the chromatographic behavior of known sulfur amino acids 


Methionine 
Glutathione 

if ysteine 
Cystine 
Homocysteine 
Cysteic acid 


Methionine sulfoxide 


" 


Methionine sulfone 
\lliine (S-allyl-cystine sulfoxide) 


Desoxo-alliine (S allyl cysteine) 
Dihydro-alliine (S-propyl-cysteine sulfoxide) 


Vsteine 


4 n-butanol :ace acid :water 
Preparation of onion and garlic bulb extracts. The general procedure followed was 
that of slicing mature, yellow onion bulbs into an equal weight of 
boiling for 2-3 minutes, the onion slices and water w transferred to a 
and macerated for one minute. The macerate wa “ough 
cloth and 2 volumes of absolute ethyl alcohol were added with stirring to the resulting 
filtrate. The alcohol insoluble material was removed by centrifugation and the supernatant 
evaporated to dryness under reduced pressure at room temperature. The residue was 
redissolved in distilled water so that 1 ml. of the resulting solution represented the extra 
from 1 g. of onion bulb or garlic bulb tissue on a fresh weight basis 

Twenty milliliters of this extract was passed through a bed of cation exchange resin, 
3 mm. by 160 mm. (Amberlite IR-120 [H+] ), adjusted to pass approximately 0.5 ml. per 
minute. The column was washed with water until the effluent showed a negative anthrone 
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test for carbohydrates. The cations were eluted from the colun 
immonium hydroxide and the resulting solution of the “cation fraction” was evaporated to 
iry rotary-type vacuum concentrator. The residue was dissolved in 1 l. of 
served as the stock soluti lor 


paper chromatographic analysis. 
Chromatographic comparison of onion and garlic bulb extracts. 
“cation fractions” of garlic and onion 


(18 ) 


Aliquots of the 
extracts were 
x 22 nches) along wit! 


Whatman N 
samples wn sultur-containing amino 

chromatog rams were developed in a des« mat | 

] . 


nai I mer \ nn itanol-aceti 
+:] v) at roon perature u } 4 com 


n with 200-300 ml 


of 5% 


papers 


ing of 





C) nine RIN SPOT 


ATINATE SPOT 


Figure 1. Composite chromatogram comparing ninhydrin and iodoplatinate re- 
active areas of cation fractions of mature garlic and onion bulb extracts with known 
cysteine derivatives. I—Alline (A) and S-propyl-cysteine (D); II1—Dihydro-alliine 
(B) and desoxo-alliine (C); I1I—Onion cation fraction; IV—-Garlic cation fraction 
Broken lines indicate faint areas, Whatman 1. paper, n-butanol-acetic acid-water 
(4:1:1 vv) solvent. 


Chromatographic 


identification of S-propyl-cysteine sulfoxide and S-allyl-cysteine 
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to separate the onion compounds from the synthetic compounds. The positions of the 
two known compounds were located on the paper strips by spraying with ninhydrin or 
iodoplatinate. The corresponding areas on the unsprayed strips containing the onion ca- 
tions were cut out and extracted with distilled water. The extracts were combined, evap- 
orated to dryness and finally redissolved in a tew drops of distilled water. These two 
solutions served as a source material for the suspected S-propyl-cysteine sulfoxide and 
S-allyl-cysteine of mature onion bulbs. 

Chromatographic identification of these eluted compounds in a number of solvent 
systems was carried out by ascending development on 9 inch squares of washed, Whatman 
No. 1 paper. The washing procedure consisted of successive treatment with water, dilute 
hydrochloric acid, the butanol-acetic acid solvent and finally water. Unknown onion com- 
pounds III-3 and III-4 (Figure 1) were chromatographed along with synthetic samples 
of S-allyl cysteine and S-propyl-cysteine sulfoxide in several solvent systems. The com- 
parative Ry values obtained for the known and unknown compounds are shown in Tables 


2 and 3. 


TABLE 2 


Comparison of R; values of onion compound 4 and synthetic 
desoxo-alliine (S-allyl-cysteine) 


Solvent 


n-Butanol:acetic acid: H2O (4:1:1, v/v) 
2,4-Lutidine:H2O (65:35, v/v) = 
Phenol sat’d. with HzO = 
Propanol:H2O (89:20, v/v) 
Pyridine:H2O (65:35, v/v) 
n-Butanol:ethanol:2N. HCI (4:1:2 v/v) 
1 Averages of at least two separate determinations with both 
reagents. Whatman 1 paper, ascending devel ent 
2 Only the ninhydrin reagent was used. I vatinate caused the e1 


TABLE 3 


Comparison of R; values of onion compound 3 and synthetic 
dihydro-alliine (S-propyl-cysteine sulfoxide) 


R values ! 


Solvent Onior 
. j eeqre 


pound 


n-Butanol:acetic acid: H2O (4:1:1, v/v) 0.25 
2,4-Lutidine:H2O (65:35, v/v) - 0.46 
Phenol sat’d. with H2O ? 0.79 
n-Propanol:H2O (80:20, v/v) 0.29 
Pyridine:H2O (65:35 v/v) 0.66 
n-Butanol:ethanol:H2O (4:1:5, v/v) 0.83 
n-Butanol:ethanol:0.5 N. NHsOH (7:1:2, v/v) (0).22 


1 Averages of 4 determinations for the known and at least two for the natural compound 
and iodoplatinate reagents used to detect compounds on the papers 
2 Only the ninhydrin reagent used. 


RESULTS AND DISCUSSION 


In comparing the chromatographic behavior of a number of known 
sulfur containing amino acids (Table 1) the spot positions were detected by 
spraying the dried chromatograms with either the ninhydrin or iodoplatinate 
spray reagents. Ninhydrin treated papers showed discrete blue spots for all 
amino acids tested except for cysteine, alliine, and S-propyl-cystine sulfoxide 
which gave gray-blue spots. With iodoplatinate as the detecting spray 
reagent, all the sulfur-containing amino acids tested except cysteic acid and 
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methionine sulfone, appeared as white spots against a pink background. It is 
to be noted that although some cysteine derivates are not well separated by the 
phenol or butanol-acetic acid-water solvent they can be clearly separated by the 
use of the 2,4-lutidine-water solvent. 

An examination of the chromatogram tracing (Fig. 1) comparing the 
ninhydrin and iodoplatinate reactive areas of “cation fractions” of extracts of 
onion and garlic bulbs indicates the possible presence of dihydro-alliine and 


desoxo-alliine in the onion fraction 


CHs = CH — CHe — S — CHz — CH — CO2H 
NH; 


Desoxo-alliine 
| S-allyl-cysteine | 
0 


4 


CH; — CH2. — CHz — 5 CH». — CH — CO2H 
NH: 


Dihydro-alliine 
[S-propyl-cy steine sulfoxide | 

The principal garlic sulfur compound, IV-2, was shown to be identical with 
synthetic alliine on the basis of chromatographic behavior when eluted from 
the papers and rechromatographed with alliine in several solvent systems. 
This is in agreement with the findings of Stoll and Seebeck (14,175). No 
other garlic compounds were investigated, although the presence of desoxo- 
alliine in garlic is suggested. 

Compound III-I in onion and IV-I in garlic (Fig. 1) reacted with both 
ls compound 


° 
I 


the ninhydrin and iodoplatinate spray reagents. Although t 
was not studied in detail, it gave a reddish color with ninhydrin characteris 
tic of asparagine, and like asparagine, it also reacted with the iodoplatinate 
spray reagent. When asparagine was chromatographed on the same paper 
along with the onion cation fraction, it attained the same spot position as 
11-1 

The onion sulfur compounds III-3 and II1-4, corresponding in chromato- 
graphic positions to synthetic dihydro- and desoxo-alliune respectively, were 
eluted from unsprayed chromatograms and rechromatographed in several 
different solvent systems. The comparative Rf values of the known and un- 
known compounds serve as chromatographic evidence for the identification 
of these onion compounds (Table 2, 3). Preliminary work employing only 
the phenol-water and butanol-acetic acid-water solvents strongly suggested 
that onion compound III-3 was alliine. The relatively poor chromatographic 
separation of allie and dihydro-alliine obtained using these solvents may be 
seen in Table 1. The 2,4-lutidine-water solvent gave good resolution of these 
two compounds and indicated the absence of alliine m cation fractions of the 
onion bulb extracts being studied. The presence of alliine in garlic bulb ex- 
tracts, on the other hand, was easily demonstrated by employing the same 
extraction, ion-exchange and chromatographic procedures used with the 


onion bulbs 
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Although not yet investigated, the possibility that dihydro-alhine may be 
a precursor to the n-propyl mercaptan an! dipropyl disu!lide reported in 
onion volatiles by Niegisch and Stahl (72) is intriguing. An analagous cys 
ieine derivative, L-S-methyl-cysteine sulfoxide, has been reported in cabbage 
by Dateo and co-workers (5) and shown to be the main precursor of dimethyl 
disulfide, the main constituent responsible for the odor of cooked cabbage 
L-S-methyl-cysteine sulfoxide has also been isolated from turnip roots by 
Morris and Thompson (10,11). The possible role of desoxo-alliine and di- 
hydro-alliine as precursors to volatile compounds in onion odors and to 
pyruvic acid in injured bulb tissue needs further study 


SUMMARY 


Chromatographic evidence is presented 


alliine (S-allyl-cysteine) and dihydro-ailiine 


ne { 


in cation fractions of mature vellow onion bulbs. No a 
sulfoxide) or S-propyl-cysteine was detected by the methods employe: 
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It has been observed during studies on softening in salt-stock pickles (13 


that there was a lack of correlation between the pectolytic enzyme 


brines and softness (as measured by the U.S.D.A. pre 


activities 


of salt-stock 


tester) among 


} 


nces observed 
stock with the occurre 
rines instigated a study 


+ 


cucumbers at various s 


EXPERIMENTAL 


Preparation of samples. Cu s of the ( 


1 Wisconsin SMRI12-1 


TABLE 1 
Relative pectolytic enzyme activity in brines of firm and soft 
salt-stock for a two month period. 


Ohio MR-17 

Ohio MR-25 

Wisconsin SR-6 

Wisconsin SMR12-1 
1 Ex; | 

mie 
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TABLE 2 
Pressure test results on four varieties of cucumbers at various stages of softness 


Variety Fresh, unsalted Relatively firm Soft salt 
“ cucumbers salt stock stock 


20.6 1 5 


MR-17 


S.D. 


MR-25 19.9 S.D.* 


18.8 5.0. 14.7 


SMR12-12 18.2 14.: 
1 Expressed as average number of pounds required by pressu 
anges: 16 and higher Firm 
14 through 15.9 Slightly Soft 
below 14 — Soft 
2 S.D. means significant difference at five per cent level of confidence 
3. N.S. means no significant difference at five per cent level of confidence 


results are shown in Table 2. From 30 to 45 cucumbers were used for eacl 
evaluation 

Tissue samples were prepared for pectic substance characterization from th 
fruit, firm salt stock, and soft salt stock of each variety. Number two size (334 
434 in. long) cucumbers were used in an attempt to obtain approximately the same matur 
ity in all samples 

The following method of tissue preparation was used. Cucumbers were sliced with 
hand-operated vegetable slicer into slices approximately one-eighth inch in thickness. To 
extract sugars and inactive enzymes, 600 g. of these slices were added to 2 |. of boiling 
95% ethanol slowly so that the temperature of the mixture did not fall below 70° ( 
Salt stock cucumbers were not freshened prior to the alcohol extraction. The mixture of 
was heated for 15-20 minutes. Alcohol soluble materials were 


ethanol and cucumbers 
» stand for 


removed by filtering through gauze diaper cloth, and the tissue was allowed t 
two hours in fresh 95% ethanol. 

Alcohol was removed by filtering again through gauze diaper cloth. The sugar-free 
tissue was then dried at 65.5° C for 1% hours on plastic screens in a tunnel dehydrator 
equipped with a blower. Tissues were stored under refrigeration in tightly sealed glass 
jars until needed for later extraction and characterization of the pectic substances 

Total pectic substances. Total pectic substances (as anhydrouronic acid) 
basis were determined on the fresh fruit and on the firm and soft salt stock by the method 


of McCready and McComb (15). Results are shown in Table 3 


on a wet 


TABLE 3 


Per cent total pectic substances (as anhydrouronic acid) in pickling cucumbers 
at various stages of fermentation and softness 


Wet basis 


V: t 
Description ; ariety 
of tissue 
sake ; 1 MR.25 SR-6 SMR!2-12 


Fresh cucumber 
“Firm” salt stock 
“Soft” salt stock 
Per cent change 

Fresh to “soft” 


0.241 0.222 0.219 
0.209 0.217 0.199 
0.262 0.292 0.256 
+ 8.7% +31.5% + 16.9% 


Fractionation of pectic substances. Pectic substances in the dried sugar-free tissues 
of the fresh fruit and of the firm and soft salt stock of the 4 varieties were removed by 
separate, successive extractions with distilled water (for pectin), 0.5% Versene at pH 6.0 
(for pectinic acid) and 0.5NHCI at 85+ 5° C. (for protopectin). 





CHANGES IN P : , Pi al { LU MBERS 


i, 


Six grams of dried, sugar-free tissue, ground to 30-mesh in a Wiley mill, were stirre 
1 extractions were made in sets of four 


with 600 ml. of distilled water for four hours. Al 1 
(one of each variety) using a multiple stirring apparatus to insure uniform agitation. Trial 
revealed that the speed of agitation a fected the amount of material extracted. At the end 

the extraction time, the water-soluble extract was separated from the tissue by filtra- 


h suction, using Whatman Number 41-h filter paper. The volume of each resulting 


1¢ 


1 wit 
extract was measured to enable a correction for the water remaining in the tiss 
The residue from the water extraction was suspended in 600 ml. of 0.5% Versene 
solution and the pH adjusted to 6.0 with concentrated HCl. This mixture was agitated 
for 4 hours, the extract filtered as for the water extraction, and the extraction procedure 
repeated with 600 ml. 0.5% Versene solution at pH 6.0. The volumes of the combined fil 
tes of the Versene solution extractions w neasured for volume correction purposes 
Residue from the previ action was next suspended in 600 ml. of OS5SNHCI The 
action mixture wa 5 C. on a hot plate and extracte wr 2 hours 
S extractions ater ble, Versene-soluble, and 
made tron h of the vari Aliquots for anhydrouronic 
volume in 100 ml. volumetric fl 


were run on 1 lhquo the 


f the mixture 
pect ub had urred 1 further chara 
results im 


1¢ 
ucat ot ¢ ad I i I tissue 


substances 
volume o 
extract prior 
le muxture was 
] } 
was washed 
room temperature on a \ 1 gla 
(0-mesh in a Wiley mill and stored 
stoppered 25 ml. E 
Viscosities and methoxy] contents of Versene-soluble pectic substances. 
if the Versene-soluble pectic substances of each variety were deter 
{i Owens et al. (16) a *. using Ostwalde-Fenske Number 50 
shown in Table 6 
(CHag0—) contents wer nin y the saponification method 
outlined by Stier, Ball, and Maclinn (19 


Calcium. 1 calcium and pectic substances ca n in the f n of calcrum pectate, 
1 gel, calcium d minations were made on the dried tissue fresh fruit, with and 
, : 


without the ren of gar with ethanol, and on the drie u } ind un- 

freshened salt stock. $ um determinations were m 

rec‘ion coul 1 ride content 
Analyses for and Lit were made wit! 

Where sodium interfered with calcium analysis, calctum was 

oxalate method as given by the A.O.A-( 1). See Table 8 


Pectolytic enzyme activity in fresh cucumbers. Bell (2) had reported the preser 
of pectolytic enzymes in ripe whole fruit of different cucumber varieties and intimat 
that the fruit may be a source of softening enzymes during fermentation. The meth 
used for this study is a modification of that of Bell (2) 

Fruit for these examinations had been frozen and stored at 0° F. (— 18.7° C 


the time of the test. Eighty grams of the partially thawed fruit were blended with 40 ml 
of distilled water in a Waring blender until a loose slurry was obtained. Then 40 g. more 
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TABLE 6 


Relative viscosities of 0.10% solutions of pectic (anhydrouronic acid) 
substances extracted by 0.5% Versene at pH 6.0 


Description of source of pectin 
Fresh Firm 
cucumber salt stock 


1 


13 
a 
l 


SMRI12-12 


Description of source 
Fresh Firm 


cucumber salt stock 
5.8 4.7 
6.9 4.1 


5.7 6.6 


SMRI12-12 48 6.7 


TABLE 8 
Mineral contents of dried cucumber tissue from the fresh fruit and from salt stock 


Calcium alcium 
per cent m NaCl 


tissue free basis 


Tissue Wasiews 
arie 

Description : ; of 

Sampic 


Fresh, MR-17 0.329 
sugar MR-25 0.273 
left in SR-6 0.346 

SMR12-12 0.301 


Fresh, MR-17 0.576 
sugar- MR-25 0.521 
free SR-6 0.473 

SMRI12-12 0.553 


Salt MR-17 0.116 0.710 
stock, MR-25 0.088 0.858 
unfreshened SR-6 0.113 0.692 

SMR12-12 0.128 1.248 
Salt MR-17 0.166 0.620 
stock, MR-25 0.136 0.445 
freshened SR-6 0.131 0.629 

SMR12-12 0.149 0.715 


of fruit plus 3.2 g. sodium chloride were added to slurry and the mixture stirred until 


uniform. The extract was removed from the insoluble particles by filtration 

The extract was dialyzed for 3 hours in running tap water and one hour in distilled 
water to remove cations that could form gels with pectins. A portion of the dialyzed ex 
tract was adjusted to pH 3.0 and held for 24 hours at 40° C. as recommended by Bell (2) 
to inactivate pectinesterase. Tests were run on both the dialyzed unheated and dialyzed 
heated extracts 

Two standard 1.2% sodium polypectate solutions were made, one buffered at pH 4.1 
and the other at pH 5.0. One ml. of extract was mixed with 5 ml. of each standard poly 
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pectate solution and incubated for 20 and 44 hours. The viscosity of the mixture in each 
pipet was read at the time of mixing and at the end of each incubation period. See 


Table 9 
TABLE 9 


Pectolytic enzyme activity of fresh cucumbers expressed as per cent loss of 
viscosity of a standard sodium polypectate solution 


t dialyzed 4 t 


RESULTS AND DISCUSSION 
the suitability of varieties of cucumbers for pickling have 
been shown by Ware et al (20), Jones and Etchells (9), and Jones, Etchells, 
and Monroe (10). Their evaluations were based on firmness tests with the 


Differences in 


U.S. Department of Agriculture fruit pressure tester with notations made on 
Table 2 shows that the 4 


susceptibility of the varieties to bloater formation. 
varieties in the present study differed in firmness both as fresh fruit and 
after curing in brines with moderate or extremely high pectolytic enzyme 
activities. See Table 1 for relative pectolytic enzyme activities of the brines. 

A U.S. Department of Agriculture fruit pressure tester fitted with a 5/16 
in. head was used for the pressure tests. It is admitted that skin toughness 
and size of seed area of the cucumbers vary with individual cucumbers and 
interfere with the true evaluation of firmness. However, the fruit pressure 
tester used with a large number (30 to 50) of samples from each variety did 
give results that agreed in general with organoleptic evaluation and character 
ization of firm and soft cucumbers and salt stock. It was concluded the fruit 
pressure tester 1s the best instrument available at the present time for evalu- 
ating firmness. Precaution was taken to use a large number of samples for a 
representative evaluation. 

Pressure test results, summarized in Table 2, when compared with pecto- 
lytic enzyme activities of the brines, indicated that the presence of pectolytic 
enzymes, as shown by the loss of viscosity method of Bell, Etchells, and Jones 
(4) can cause softening of salt stock pickles. This is evident upon comparison 
of the general over-all pressure test drops from the “firm” to the “soft” salt 
stock. This agrees with the findings of Bell, Etchells, and Jones (3) 
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These results also indicated that the significant differences in firmness 
among the fresh unsalted fruits of the different varieties carry through dur- 
ing the brining and curing in brines of either moderate or high enzyme activ- 
itv. That is, the Ohio MR-17 variety, which was the significantly firmer 
fresh cucumber, remains firmer during fermentation in brines of high pecto- 
lytic enzyme activity. The Ohio MR-17 variety is significantly firmer than 
the Wisconsin SR-6 and the Wisconsin SMR12-12 varieties in all the tests 
run. The Ohio MR-25 variety can best be classified as slightly better than the 
softer varieties. Varietal differences, therefore, must be taken into consider- 
ation in the evaluation of salt stock for firmness and in the interpretation of 
the loss of viscosity tests for pectolytic enzymes as an indication of softness. 

To determine exactly what changes occur in the cucumbers during soften- 
ing, and because softening had been correlated to pectin-degrading enzymes, 
a study was made of the pectic substances of the + varieties of cucumbers for 
the fresh unsalted fruit, “firm” salt stock, and “soft” salt stock. An attempt 
was made to correlate varietal differences in firmness with varietal differences 
in pectic substances or changes in pectic substances. 

First, total pectic substances were determined on a wet basis for the fresh 
fruit and the salt stock. Table 3 indicates that Ohio MR-17 may have mort 
total pectic substances (as anhydrouronic acid) per unit volume of cucumber 
fruit than Wisconsin SMR12-12. The total pectic substances among the 
treatments (fresh, “firm” salt stock, and “soft” salt stock ) cannot be directly 
compared because of the additional salt that had been absorbed during the 
brining of the salt stock. However, the salt concentrations among the salt 
stock pickles in each type of brine were about equal and a comparison of the 
changes in total pectic substances from fresh to “soft” salt stock was made. 
The changes in terms of percentages are given in Table 3. The greater in- 
crease in total pectic substances in the Wisconsin SR-6 and Wisconsin SMR- 
12-12 varieties may indicate a greater breakdown of pectic substances in those 
varieties than in Ohio MR-17. 

The method of McCready and McComb (15) was used for these analyses. 
This method depends on de-esterification and enzymatic degradation of the 
pectic substances for extraction, and there is the possibility that the complete 
removal of the pectic substances is not accomplished by this extraction. More 
of the absolute amount of pectic substances may have been broken down in 
the softer varities to a form extractable by the reagents used for the analysis. 

Results of these studies, either as to differences in amounts of or changes 
in total pectic substances, were limited and no statistical analysis of the data 
was attempted. Data may indicate differences that would be statistically valid 
if more replicates were run. 

More detailed studies of the pectic constituents of fresh fruit and salt 
stock were made on dried, sugar-free tissue samples. The pectic substances 
of each tissue sample were fractionated into water-soluble (pectin), 0.5% 
Versene-soluble (pectinic acid), and O.SNHC1-soluble (protopectin) por- 
tions. Results as per cent anhydrouronic acid in each fraction are listed in 
Table 4. 

The general development of softness, as measured by the U. S. Depart 
ment of Agriculture fruit pressure tester, correlates well with over-all changes 
in pectic substances soluble in Versene and dilute hydrochloric acid. There is 
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an increase in the Versene-soluble fraction and a decrease in the acid-soluble 
fraction, indicating a greater breakdown of protopectin to pectinic acid in the 
“soft” salt stock. The magnitude of these changes can be more readily seen in 
Table 5. These results agree with those of Fabian and Johnson (7) who 
found an increase in soluble pectin in spoiled pickles while the total pectic 
substances did not change. 

Studies were made on alcohol precipitates from the Versene-soluble frac- 
tions for the degree of methyl esterification [as per cent methoxyl (CH;0 —) ] 
and the relative viscosities of the pectic substances. Results of these tests, 
summarized in Tables 6 and 7, do not indicate conclusively whether or not 
any hydrolysis of the pectic substances of the Versene-soluble fraction oc- 
curred during fermentation or softening. Viscosities of extracts from fresh 
cucumbers were not much greater than those of the solvent indicating little 
viscosity to begin with. Also there may have been some degradation during 
the extraction, precipitation, drying, and redissolving of the pectic substances 
\lthough there may have been some hydrolysis of the pectic substances in the 
pectinic acid fraction, there also was an increase in that fraction during fer- 
mentation and softening. The effect of this additional material from the break- 
down of protopectin on the viscosity is not known. The contribution of par- 


tially hydrolyzed pectic substances to viscosity measurements is not known. 

Jensen and MacDonnell (8) have advanced the hypothesis that at least 
two adjacent free carboxyl groups are required before polygalacturonase can 
hydrolyze the glycosidic bond associated with them. The present results on 
the degree of esterification indicate that such a possibility exists where two 
adjacent free carboxyl groups could easily occur. The maximum theoretical 


amount of esterification is 16.39 methoxyl. Assuming 16.3% methoxyl 
content is 100% degree of esterification, the present results show that only 
24.6 to 42.3 of the theoretical maximum degree of esterification is found in 
the pectinic acids. This would then leave from 57.7 to 75.4% free carboxyl 
groups in the pectin. 

Results of the tests for methoxyl content and relative viscosities, there- 
fore, allow for the possibility of the existence of a polygalacturonase-like 
enzyme as was tested for in the brines. The present studies indicate that 
this type of enzyme or enzymes accompanying it also are responsible for the 
conversion of protopectin to pectinic acid. Examination of Tables 1, 2, and 5 
point out the following correlations. With an increase in activity of a poly- 
galacturonase-like enzyme in the salt stock brines, there is an accompanying 
decrease in firmness and an increase in the conversion of protopectin to pec- 
tinic acid. 

Several recent reviews of pectic substances and pectic enzymes(1/, 12, 17) 
report findings that substantiate this possibility. For many years it was be- 
lieved that protopectinase was distinct from the enzymes that hydrolyzed pec- 
tinic acids. There is now the tendency toward the view that protopectinase 
and pectin-polygalacturonase are identical or that both exist in a pectic en- 
zyme complex. These views are in harmony with the present belief that 
protopectin is either a modification of pectinic acid or is composed of very 
large pectinic acid molecules. 

Table 5 shows differences in the changes of pectic substances among the 
four varieties. A statistical analysis of the changes (analysis of variance 
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with interaction present) of the pectic substances soluble in 0.5% Versene 
indicated that there was less increase in the pectinic acid fraction of the Ohio 
MR-17 variety during fermentation and softening than there was in Wiscon- 
sin SR-6 and Wisconsin SMR12-12 varieties. There was a difference between 
Ohio MR-17 and Ohio MR-25 during fermentation but not during softening. 
These differences would indicate less conversion of the protopectin to pectinic 
acid in the firmer variety. It would appear that the pectic substances of Ohio 
MR-17 cucumbers are of such a nature that they are more resistant to change 
during fermentation and softening. 

Studies have shown that the characteristics of the pectic substances differ 
among varieties of the same vegetable or fruit for materials other than cu- 
cumbers. Kertesz (12) reported sunimaries of studies made with apples, 
peaches, bananas, and pears. Luh, Leonard, and Dempsey (74) compared the 
pectic substances of 3 varieties of tomatoes and found differences. Differ- 
ences in the above studies were noted among varieties during ripening or 
storage. 

There is no indication of variation among changes in the acid-solubl 
fractions of the varieties. It was impossible to control several variables en 
countered in this extraction; namely, uniformity of heat and uniformity of 
stirring speed. The extracting agent, aided by the application of heat, proved 
to be a strong one; there is the possibility that it did not quantitatively extract 
pectic substances. Whereas the other extractions were fairly uniform and 
represented trends, erratic results were obtained with this fraction. 

Calcium can combine with certain types of pectic substances, and by 
forming a calcium pectate gel, contribute to firmness (72, 18,11). For this 
reason calcium analyses were made on the dried tissues of fresh cucumbers 
with and without the extraction of sugars by 95% ethanol, and on dried tis 
sues of the “firm” salt stock, unfreshened and partially freshened. 

Table 8 shows the results of analyses of 4 varieties grown and brined 
during the summer of 1956. The tissues listed in Table 8 are from the vari- 
eties and fermentations used for characterization of changes in pectic sub- 
stances during fermentation and softening. To obtain the calcium contents 
of the salt stock on a basis by which they could be compared to those of the 
fresh tissues, the amount of sodium in the salt was determined, calculated 
as sodium chloride, and the calcium then given on a sodium chloride-free 
basis. The over-all higher results for the salt stock were due to the removal 
of fermentable or soluble matter from those tissues during the salting and 
fermentation. 

If calcium had an effect on firmness in these studies, a higher calcium 
content, either as per cent of the total tissue or as per cent of the anhydrou- 
ronic acid in those tissues, would be expected in the firmer variety. Contrary 
to such opinion, the calcium seems to be higher in the softer salt stock, both 
unfreshened and partially freshened, than it is in the firmer variety. No 
correlation between firmness as measured by the fruit pressure tester and cal 
cium contents of the tissues can be made. 

As a final study of the nature of pectic substances in pickling cucumbers, 
the relative pectolytic enzyme activity of extracts of the fresh cucumbers 
were determined by the viscosity method used for detecting similar enzymes 
in the salt stock brines (see Table 9). An adaptation of the method of Bell 





CHANGES IN PECTIC SUBSTANCES OF PICKLING CUCUMBERS 361 


(2) to the method of Bell, Etchells and Jones (4) was made and used. All 
extracts were of equal dilution. The results indicated that a loss of viscosity 
occurred in a standard sodium polypectate solution for all extracts at pH 4.1 
and 5.0. The loss of viscosity for the firm Ohio MR-17 variety was less at 
both pH values than it was for the other three varieties, indicating less pec- 
tolytic enzyme activity for the firmer variety. 

Kertesz (12) criticizes prolonged tests, such as that of Bell (2), on several 
points. Solutions of pectinic acids show gradual irreversible loss in viscosity 
even in the absence of enzymes. For this purpose the results with boiled con- 
trols are listed in Table 9. Also, the effectiveness of toluene as a preservative 
has been questioned. Determinations for pectolytic enzymes were made in 
duplicate ; it is doubtful if such close agreement as was obtained could have 
been obtained if microbial contamination of an unknown degree had been 
present. The danger of contamination was lessened by incubating and deter- 
mining viscosities without the need for transfer from a flask to a separate 
modified viscosity pipettes were used for both 


i 


viscometer. Ostwalde- Fenske 
purposes. The main reason for using the viscosity method was that it was the 
method used for determining similar enzymes in the salt stock brines. 


Etchells, Bell, and Jones (6) have ampue ated molds carried by blossoms 


adhering to immature cucumbers as a potent source of pectolytic enzymes in 
salt stock brines. Demain and Phaff (5) in a recent review conclude that 
there are potentially a number of sources of the enzyme (or enzymes) re- 
The most likely sources appear to be from 


I 


sponsible for pickle softening 


molds and the cucumber plant itself. The present studies contirmed the pos- 
sibility that the cucumbers themselves may be important sources of pectolytic 


enzymes. 

The Ohio MR-17 variety showed significantly less pectolytic enzyme ac- 
tivity than the 3 softer varieties. Although the enzymes present in the cu- 
cumbers may not by themselves cause complete softening, they may act as 
ot 


auxiliary enzymes to those from other sources and thus hasten softening 


cucumber salt stock. 


SUMMARY 


These studies on the pectic substances of ditterent varieties of cucumbers 


at various stages of softness have partially explained the di fferences in firm- 
ness among varieties, both fresh and fermented, have helped explain the lack 
of correlation sometimes obtained between pressure tests for firmness and 
evidence of appreciable, pectolytic enzyme activity in the fermentation brines, 
and have characterized ie changes in pectic substances that occur during 
softening. 


The conclusions drawn from these studies are: 

1. Pectolytic enzymes cause softening of salt stock pickles. However, 
certain varietics were inherently firmer than others as fresh cucumbers and 
remained firmer during fermentation even in the presence of high pectolytic 
enzyme activity in the brines. 

2. The general development of softness in cucumber salt stock was ac 


companied by a conversion of the acid-soluble pectic substances (protopec 


tin) to Versene-soluble pectic substances pectinic acid). It was not possible 
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to determine whether further degradation of the pectic substances had ac 
companied this conversion. 

3. Of the four varieties of pickling cucumbers studied from the firmness 
point of view, the Ohio MR-17 variety was the best. The Wisconsin SR-6 
and Wisconsin SMR12-12 varieties were the softest and ranked equally low. 
The Ohio MR-25 rated an evaluation slightly better than the Wisconsin 
varieties. Factors included in this evaluation were the pressure test results 
for fresh and fermented cucumbers, res‘ stance ot the protopectin to break 
down during softening, and relative pectolytic enzyme activities of extracts of 
the fresh cucumbers. 

In the presence of approximately equal enzyme activities, the protopectin 
of the Ohio MR-17 variety resisted conversion to pectinic acid to a greater 
degree than that of the softer varieties. 

4. There was no correlation between’ calcium contents of the tissues and 
firmness. 

5. A water extract of the fresh cucumber of the Ohio MR-17 variety 
indicated significantly less pectolytic enzyme activity than a similar extract 
from the other three varieties. 
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Ficin, a papainase type of enzyme, is present in the latex of the fig tree. 
Robbins and Lamson (5) determined the ficin content of sixteen species of 
the genus Ficus. They used the digestion of Ascaris and the increase in amino 
nitrogen of gelatin as assay methods. Only in two of the species examined 
was the enzyme concentration high enough to digest Ascaris in a 2.2% solu- 
tion of the latex. The latex of Ficus carica L., the edible fig, was found to 
contain more proteolytic activity than any of the other fifteen species tested 
The latex from six South American trees had high proteolytic activity while 
the latex from four genera of the family Woraceae contained less than one 
fifth the proteolytic activity of Ficus carica L. 

There are a large number of varieties of Ficus carica grown in this coun 
try. Yet there has not been any extensive work reported on the variation of 
ficin content of the latex with the variety of fig. In order to determine if 
variety has any effect on the proteolytic activity of the latex the ficin content 
of some 25 varieties of Ficus carica were determined and the results are re 
ported in this paper. An evaluation of several micro-techniques of protein 
determination are also compared 


EXPERIMENTAL METHODS 


Collection of fig latex. \With the exception of the Kadota, Black Mission, and Stan- 
ford Caprifig varieties marked “Davis” the latex was collected from trees in the U. S 
Department of Agriculture experimental plot at Fresno, California. Green figs were 
separated from the tree in such a manner that the stem was left on the tree. The several 
drops of latex from the fig were allowed to drip into a test tube. The latex was frozen by 
the use of dry ice right after collection and then stored at —25° C. until the samples could 
be analyzed. 

Casein-digestion activity. A known amount of the thawed latex (allowed to thaw 
at 4° C.) was diluted to the proper range of activity with cold distilled water and the 
activity was determined at 35.0° C. by the method described previously (7) with the ex- 
ception of one change. Because of the instability of the diluted enzyme at pH 7.0 in the 
absence of substrate, the enzyme was added to the reaction mixture last. One unit of 
casein-digestion activity is defined as the amount of enzyme which will produce an optical 
density change of 0.001 in one minute when carried out under the conditions and by the 
method described (7) 

Milk-clotting activity. The milk-clotting activity was determined by the method ot 
Balls and Hoover (1) with certain modifications. The substrate was prepared from Car 
nation Instant Nonfat Dry Milk solids. The latex was diluted to the proper activity range 
with distilled water and in the case of the activated sample the solution was made 0.006 M 
with respect to cysteine and versene. Two-tenths milliliters of diluted latex was added 
rapidly (1-2 seconds) to 1.0 ml. milk in a 15 x 150 mm. test tube which had previously 
been equilibrated at 35.0° C. for 5 minutes. A timer was started at the beginning of the 


* This investigation was supported in part by a research grant (RG-5216C) from the 
Division of Research Grants, Public Health Service. 
364 





FICIN CONTENT OF LATEX 365 


addition of the sample. The tube was rotated slowly at a 30° angle around its long axis 
and the time noted for the formation of a grainy texture in the layer on the tube wall 
Duplicates, when run by this method, agreed within 0.5 to 1%. One unit of milk-clotting 
activity is defined as that amount of enzyme which will clot one ml. of milk in 60 seconds 

Determination of organic matter. This was carried out by the method of Johnson 
(3). Crystalline egg albumin (Nutritional Biochemicals Corporation) and crystalline suc 
rose (Fisher Scientific Company), analyzed for their moisture content and in the case of 
egg albumin its nitrogen content, were used for the preparation of a standard curve. It 
interesting that both compounds gave identical straight line curves. 

Determination of nitrogen content. The protein content of the fig latices wer« 
termined by three methods: the total nitrogen by the micro method of Johnson (2) mul 
tiplied by 6.25, the owry method and light absorption at 260 and 280 mu 
j ll albumin, analyzed for their moistur: 


Crystalline bovine serum albumin and crystal egg 


and nitrogen content urves 


method 
RESULTS AND DISCUSSION 


gor yet of the proteolytic activity of fig latex. Tabk 
of 1-2 ml. samples of latex in 15 x 150 mm. test tu 


at : tl ability of ficin. Very little activity was 


Storas bes 


’ 
’ 
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room temperature for two reasons 
because of the oxidation of the esset 
yvdr was an irreversible loss in acti 
cnZymes, 
Casein- gg and milk-clotting — of fig latex. Table 
specific casein-digesting an nilk-clotting activities of latex from 27 
sources. ornia Brown ‘Taaleee, Black Missior 
(1951), Adriatic, rtinique, Conadria, and Kadota (1950) were uncaprified 
4 


he remainder were caprifi aprification versus non-caprification d 


? } 


shows 


not appear to have c activitv of the latex 


a difference was found in the proteolytic activity of the latex from 
Mission (1951 


Mission ( Davi 


Activated commercial ficu ‘ Four to hi activity of 938 units 
caseim dig ‘stl a 4 lg o the activity fm t ! latices test: 
compare q should be noted that commercial ficin has 
had most of the h naterial removed from it by “fractionation” and has 
been tices in this study so that the results are 
Strictly 


The rati r casein-digesting activity to milk-clotting activity was found 


1 
| 


to be a constant with the exception of two latices. The ratios of the activities 


for the latices from the King and Stanford Caprifig were found to be 228 and 


168, respectively. The variation from the average 1s greater than three times 
the standard deviation. It is interesting to note that the ratio of casein-digest- 
ing to milk-clotting activity for commercial ficin, which was obtained from a 
wild variety of fig in South America, is around 150 
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TABLE 2 
The casein-digesting and milk-clotting activity of fig latex 


Milk-Clotting Casein- Digestion 

Enzyme units/mg Enzyme units/mg 

Tganic matter Tganic matter 
to m 


activity (activated 


Not 
tivated 


Activated 


945 1260 
775 1110 
940 1080 
841 981 
838 954 
70) 906 


45-1051 (1950) 2 ++4 
184-15 (1953) + 
Kassaba (1950) + 
Blanquette (1950) ++ 
Fraga (1950) ++ 
Calimyrna (1953) +++ 
Calif. Brown Turkey 
(1950) +++ 

Marabout (1950) ++++ 
Black Mission (1951) ++ 
194-21 (1956) ++ 
Adriatic (1950) +++ 
Martinique (1950) ++ 
202-6 (1956) ++ 

Snowden (1950) + 

135-15 (1953) +++ 
Conadria (1953) ++ 

Pied de Boeuf (1951) ++++ 
135-4 (1953) ++ 

Kadota (1950) +++ 

King (1950) ++ 

slack Mission (Davis) +++ 
38-64 (1950) #+++ 

Kadota (Davis) +++ 

195-21 (1956) ++ 

156-28 (1955) +++ 
Bourabat (1950) +++ 
Stanford Caprifig 

(Davis) +++ 
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Average 
Standard devi: 
1 These are experimental varieties 


The seedlings and parents are listed f 
fruit 


was planted or er mto a root stock 
latex from the fig; rv example +++ + 


means only r r » drops could he b 


Organic matter and protein content of fig latex. The average orga 
ter of the latices from the different sources was found to be 50.3 


(Table 3). It should be mentioned that the standard deviation, S 


as used in this report does not reflect the precision of the methods used, but 
rather the variation among the samples. All values are the average of at 


least 3 determinations which agreed quite closely. 
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TABLE 3 
The organic matter and protein content of fig latex 


Grams protein/gram organic matter 


Orga 4 
Sateeee Lowry Method 
’ er ae Nitrogen —_———--—- —— 

Variet r z ’ 8 - : P 
si of So content Standard Standard ~ ae 
(grams) x 6.25 cryst. egg bovine serum oe . 

5 (a) albumin albumin 

(b) (c) 





Absorption 


(d) 


0.394 0.446 0.414 0.472 1.08 

0.432 0.345 0.368 0.419 0.785 

0.472 0.396 0.390 0.440 0.814 

0.649 0.270 0.265 0.302 0.596 

: 0.573 0.302 0.309 0.352 674 

Catimgrna................. . 0.476 0.406 0.368 0.418 0.957 
Calif. Brown Turkey 0.537 0.304 0.266 306 58] 
Marabout.... —_ 0.582 0.275 0.277 314 609 
Black Mission...... 0.514 0.288 0.305 350 678 
194-21 se ‘ 0.402 0.358 0.334 383 779 
Adriatic.. 0.481 0.29] 0.295 339 569 
Martinique : 0.537 0.302 0.304 0.346 720 
0.550 322 0.286 713 

Snowden Ke 0.500 328 0.318 3 838 
135-15... : 0.420 293 0.279 3 738 
Conadria 0.537 278 0.296 3. 636 
Pied de Boeuf 0.322 296 0.342 x 644 
135-4... : 0.461 282 0.267 : 610 
Kadota. 0.510 292 0.279 32 520 
King... 0.588 264 0.242 602 
Black Mission ( Davis) 0.488 293 0.272 3 584 
0.619 310 0.284 701 

Kadota ( Davis) 0.588 248 0.219 25: 482 
195-21 0.420 288 0.257 524 
156-28 0.551 258 0.243 27 464 
Bourabat 0.588 230 0.252 684 


Stanford Caprifrig (Davis 0.386 201 0.214 


Average 0.503 302 0.294 


Standard deviation +0.075 +().053 +(.048 


(b)/(a) 
= (1.974 


Ratio 


There are a number of methods for determining the protein content of a 
solution, and this work offered an opportunity to compare some of them. 
The protein content was determined by the nitrogen content times 6.25, the 
Lowry method using both crystalline egg albumin and crystalline bovine 
serum albumin as standards, and by the comparison of the light absorption 
at 260 and 280 muy. 

The nitrogen content times 6.25 gave an average value of 30.2 + 5.3% for 
the protein content of the latices. There are two disadvantages in the deter 
mination of protein by this method. (a) The method determines the total ni 
trogen of the samples and not just the protein nitrogen. This disadvantage can 
largely be overcome by precipitating with trichloroacetic acid and determin- 
ing the nitrogen content of the precipitate. This was not done in this work 
because of the small amount of protein present. (b) The factor 6.25 is an 
average value and in actual cases the nitrogen contents of proteins range 
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from 14 to 19%. If the nitrogen coniem .-. the protein is known the deter- 
mination of the protein content by this method can be greatly improved. 
The Lowry method gave an average protein content of 28.4 = 48% 
(crystalline egg albumin as standard) and 33.6 5.4% (crystalline bovine 
serum albumin as standard). Thus the use of one standard gives a result 
lower than the nitrogen method and the other gives a result which is higher. 
The lower value is probably nearer the true value. There are two major 
disadvantages to the Lowry method a) The amount of color varies with 


| 


ditferent proteins as shown above for egg albumin and bovine serum albu 
min. In this respect it gives less constant values than the biuret method which 
were not used here because of the amount of protein required for this meth- 
od. But it gives more constant values with different proteins than does the 
ultraviolet absorption at 280 my which will be described below. (b) The 
color is not strictly proportional to concentration. There are, however, cer 
tain advantages to the Lowry method. It is more convenient and as sensitive 


gestion and subsequent nesslerization used in the nitrogen method 


s the dig 
ibove. It is 10 to 20 times as sensitive as measurement of the ultraviolet ab- 
sorption at 280m, and it is much more specific and less liable to inaccuracy due 
to turbidity. It is 100 times as sensitive as the biuret reaction. 

The ultraviolet absorption at 280 my» gave an average protein content of 
67.4 = 13.6%. This value is twice that obtained by any of the other methods 
The protein content was calculated according to an equation derived from 
the data of Warburg and Christian which is 


protein concentration (mg./ml.) = 1.55 Deso — 0.76 D (1) 


where D is the optical density of the solution. 


Nucleic acids, usually present in tissue extracts, have a strong absorption 
at 280 mp. However, nucleic acid absorbs much more strongly at 260 mp 
than at 280 mp, whereas the reverse is true for proteins. This can be used 
to eliminate, by calculation, the interference by nucleic acid. As shown by 
the data here, considerable error may be involved in the use of this method 


since different proteins and nucleic acids do not always have the same ab- 


sorption. Other substances such as purine and pyrimidine nucleotides may 
to 280 mp. Turbidity may 


also exhibit absorption in the region from 200 
also be a problem. However, the estimation of protein can be carried out 
quickly and easily on a small amount of material and under conditions, 1e., 
in the presence of ammonium sulfate or other salts, which make other meth- 
ods useless. The method is very useful for following the purification of a 
protein and where the true extinction coefficient is known exactly (as is 
true of many crystalline proteins) it offers a very rapid and accurate 
measure of the protein concentration 

The protein content of the fig latices have been treated as an average 
in order to compare the various methods used for its estimation. There 
are real differences in the protein content of the different latices. For ex- 
ample, the Stanford Caprifig organic matter is composed of 20.1% protein 
while the experimental variety 45-105 has 44.6% protein. 


SUMMARY 
The casein-digesting and milk-clotting activity of latices from 27 sources 
have been determined. There is about a two-fold variation in the casein- 
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digesting activities. The ratio of the casein-digesting and milk-clotting ac- 
tivities appears to be a constant for 25 of the latices tested. 


The stability of the proteolytic activity of fig latex is discussed. 

The organic matter and protein content of the latices were determined 
An evaluation of the nitrogen method, the Lowry method and the absorption 
of 280 mp for the determination of the protein content of a sample has 
been given. 
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THE EFFECT OF VARIETY AND MATURITY ON THE 
PROTEOLYTIC ENZYME CONTENT OF FIGS" 


JOHN R. WHITAKER 


a cuin ] nie 


1, 1958) 

Che effect of variety on the proteolytic enzyme content of the latex from 
the edible fig tree, Ficus carica L., has been discussed in a previous publica- 
tion (3). The ficin used in this country for the tenderization of meats, clari- 
tying of beverages, etc., is imported from South America. In order to obtain 
the ficin, the wild fig tree is cut down, the latex which oozes out 1s collected, 
allowed to separate into the aqueous and lipid layers and the aqueous layer 
dried. This is commercial ficin. This method 1s not feasible in the United 
States because of the high costs of collecting the latex. However, there are 
several thousand tons of domestic figs and prunings which must be discarded 
each year and these may represent a cheap source of ficin. 

Unfortunately for the fig industry, there has not been any information 
published on the ficin content of the fig. A knowledge of the amount of ficin 


present and the effect of variety and maturity on the ficin content of the fig 


are of paramount importance in any attempt to answer the question of the 
feasibility of obtaining ficin from the fig on a commercial scale. The purpose 
of this research is to show the effect of variety and maturity on the proteo- 
lytic enzyme content of the fig and to show that the fig does contain enough 


ficin to make it profitable to look for a way of extracting it from the fig. 


EXPERIMENTAL METHODS 


Collection of figs. The figs were obtained from the U. S. Department of Agriculture 
experimental plot in Fresno, California and from the Davis campus of the University of 
California. Quantitative recovery of the latex of the fig was assured by placing a small 
piece of tissue paper over the broken area immediately upon separation from the tree. The 
figs were separated as they were collected into 4 categories; very green, green, straw ripe, 
Samples were stored at — 25°C. until 


and ripe depending upon their size and appearance 
they were analyzed 
Extraction of the proteolytic activity from the fig. It was found that the proteolytic 
activity could best be extracted from the figs by grinding them in a mortar with twice 
their weight of 0.50 N, pH 4.0, buffer containing equivalent amounts of borate, citrate and 
phosphate. The homogenate was then filtered through cheese cloth. When extracted by 
this method the proteolytic activity was stable up to 5 hours at room temperature and lost 
only 14.4% of its original activity on storage for 48 hours. When the pH of the extracting 
medium was around neutrality, the enzyme was rapidly inactivated. A large portion of this 
ctivators such as cysteine, but not all. The 
blender also produced some inactivation because 


found that a better extraction of the enzyme 


activity could be restored by addition of 
homogenation of the material in a Waring 
of the air which was blended in. It was als« 
could be obtained with the buffer solution at room temperature than at 0° C. The effect 
of the pH of the extracting medium is shown in Table 1; the stability of the enzyme in 
the extracting medium is presented in Table 2. All values reported for the proteolytic 
activity represents an average value for duplicate determinations on at least two figs an- 
alyzed independently 


Determination of proteolytic activity. The enzyme content was determined by the 
* This investigation was supported in part by a research grant (RG-5216C) from the 


Division of Research Grants, U. S. Public Health Service 
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TABLE 1 
Effect of extracting medium on the proteolytic activity obtained from 
the Kadota (Davis) fig ! 


| Initial ativity Activity after 
(Units) (Activated) 2 (Units) 


Extracting Medium 


0.16 N Each Borate, Citrate, 
Phosphate Buffer, pH 4.00 9.74 


0.16 N Each Borate, Citrate, 
Phosphate Buffer, pH 5.00 


0.16 N Each Borate, Citrate, 
Phosphate Buffer, pH 6.00 9.60 


Distilled Water 0.99 


1 Extracted as described in the text but at 4° ¢ Activ expressed in 
2 Activated as used in this paper refers to the additior ).025 M cysteine and 
1 ymes 


the reaction medium for the purpose of activating the 
TABLE 2 
2 


Stability of the proteolytic activity of California Brown Turkey fig extract 
at room temperature (23-25° C)! 


Activit 


Initial 


hours 
ay 


5 

1 } 
2 day 
4 days 


1 Extracted by the metl lescribed in the 
borate, citrate and phosphate 


casein-digestion method described previously (4), with the modification noted in a | 
publication (2). Values for activity in the tables are expressed in casein-digesti 
One casein-digestion unit is defined as that amount of enzyme which will produc« 
optical density change of 0.001 per minute when carried out by the method used | 

Determination of the organic matter. Jhis was carried out on the filtrate 
method of Johnson (2) using crystalline egg albumin (Nutritional Bioc! 
Corporation) and crystalline sucrose (Fischer Scientific Company) for the preparatior 
a standard curve. Values given for the organic matter represent the amount of m 
present in the filtrate after it had passed through the cheese cloth and not the total organic 
matter of the figs. In the tables it is expressed as per cent of the weight of the fig. This 
value, although not a true measure of the solids content of the fig, does give a value fo 
the extractable solids as well as an indication of the maturity of the fig s can be seen 
from the tables. It also provides a basis on which to express the nitrogen content of the 
fig. It is felt that this gives a fairly accurate measurement of the total nitrogen content 
of the fig. And finally, this value is representative of the solids content of the filtrate 
which was used for determining the enzymatic activity present. All values reported rey 
resent the average of at least 3 determinations 

Determination of the nitrogen content. The nitrogen content of the filtrate 
determined by the method of Johnson (1) carried out in duplicate. It is expressed 


terms of per cent of the organic matter found 


RESULTS AND DISCUSSION 


Location of the proteolytic activity in the fig. In what part of the fig 
is the proteolytic activity located? If a green fig is examined it is found that 





PROTEOLYTIQ ENZYME CONTENT OF FIGS 373 


the milky latex is present only in the receptacle portion of the fig, not in the 
seed area. On the basis of this one might postulate that the proteolytic activ- 
ity is located in the receptable portion only. In order to prove this, several 
figs were separated into the receptacle and the seed portions. Only the re 

™ 


ceptable portion was found to contain an appreciable amount of proteolyt 


activity as shown in Table 3. 


TABLE 3 
The location of the proteolytic activity in the fig (Kadota figs from Davis) 


Effect of variety and m 


‘ . : +; 


aturity on the proteolytic activity of figs. Tabl 


t. , »? . “~+ + - , “~+ 
1 ee: Vari s ot hgs a the very green and 


1 

the pre < 
, o 

lage Il matt rit) A é@ nun I cler to experimental var 


An indication ot > natur t these numbers 1s gi 
ation (3). It 1s seen that the varieties examined var 


- ficin content 
was found in 
culation will show 


more activits 
greater in the green figs 
was found to be true nclusions as to the 
effect of maturity from this data. The extracted organi latter amounted to 
an average value of about 8.5% of 1 tal w f the fig at both stages 
of maturity while 3.46% at ver the green stage is 
nitrogen. Therefore, some 22% of the organic matter 
ique, and Conadria in Table 4, and Kadota, 


is protein. 

The varieties, Fraga, Marti 
Adriatic, California Brown Turkey, and Black Mission in Tables 6, 7, 8, and 
10 were not caprified while the remainder of the varieties were caprified. A 
comparison of the proteolytic activity of the caprified versus the uncaprified 
varieties shows that the uncaprified varieties tended to have a greater amount 
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TABLE 5 
Effect of size and maturity on the proteolytic activity of Kadota figs ! 


Units activity/hg 
x10 
Maturity igh 
Not 


c ctivatec 
activated Activated 


‘ery green 
‘ery gre 


ery gree 


niv x 
is" 
Ss 


"ery gre 
ery gre 
‘ery green 


un de SI 
— 2? ps 
mn 
x 


sreen 
mreen 


sreen 


1.34 
(;reen () YQ? 
OLOLS 6 


(sreen 


straw rij 
straw rij 0.000 0.000 


0,000 77: 0.000 


NWwhoe U 


0.000) 63 0.000 


n the Davis ( 


TABLE 6 
maturity on the proteolytic activity of Kadota figs’ 


Not 


tivated *ctivated 


Very green 
Very green 
Very green 
Very green 
Very green 
Very green 
(Treen 
Green 
straw ripe 
straw ripe 
Ripe 


Ripe 


0.306 
0.162 


of activity per unit weight. However, the caprified figs, at the same level of 
maturity, were larger than the uncaprified figs and this difference disappears 
if the ficin content of the total fig is considered. 

It may be rather difficult to realize the amount of proteolytic activity in 
a fig when the activity is expressed in casein-digesting 
tables. Perhaps the following will give a better idea of the ficin content of 
\n average size green fig of most of 
of com- 


units as it is in the 


an average size (10-15 g.) green fig 
the varieties was found to contain activity equivalent to 100-150 mg. 


mercial ficin. This is sufficient enzyme in one green fig to clot 1000-1500 ml. 


of milk in one minute. 
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TABLE 7 
Effect of size and maturity on the proteolytic activity of Adriatic figs 





Units activity/fig 
x 10-8 Organi 
Maturity Weight —- —______— a cae a 
Not Activated Not matter 
activated saabnc activated 


Units activity/mg. fig 
Nitrogen 


Activated 


co 


q 


fagrams) 
green 4.00 10.: i 48.0 9.17 
Very green 6.00 10.. 75.0 9.06 
Very green 84.5 9.17 
Very green 88.4 8.44 
Very green 78.8 8.65 
Green 
Green 
Green 10.7 
Green 10.80 
Straw ripe 22.65 
Straw ripe 24.60 
Ripe 11.65 
Ripe 18.00 0.360 0.666 12.0 32.6 
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TABLE 8 


Effect of size and maturity on the proteolytic activity 
of California Brown Turkey figs 





Units activity / fig 
, x 10 Organ 
Maturity Weight — - — — ae 
matter 


Not Not 
1 ; tivate< 
activated Activated | . tivated Activated 


Units activity/mg. fig 


yrams) 
58.6 3. 38 4.04 
81.2 . 3.99 
103 8. 4.04 
100 7.5 4.75 
109 7.38 4.98 
128 : 6.95 4.49 
167 20, 8.01 3.76 
87.6 7.80 2.64 
Straw ripe 13.3 15.6 1.29 
Straw ripe 37 3.35 15.6 27 
Ripe 3.35 0.613 2.64 11.3 20.6 27 
Ripe 7 0.450 2.69 8.42 26.1 0.950 


> 


y green 5.05 
Very green 25 
Very green 60 
Very green 7.90 
Very green 8.10 
Green 10.55 
Green 13.90 
Green 


mo h& be 


- 
‘ 
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a en ee 
mths ee Oe 
ia Owe STN 
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Effect of size and maturity. Tables 5-10 show the effect of size and ma- 
turity on the proteolytic activity of Kadota, Adriatic, California Brown Tur- 
key, Calimyrna and Black Mission figs. Of the varieties mentioned above, 
the Kadota (Davis) and the Calimyrna were caprified. The activity per unit 
weight of the Calimyrna, Kadota (Davis), Black Mission and Adriatic figs 
was found to remain more or less at a constant value up to the straw ripe 
stage while the activity per unit weight of the Kadota and California Brown 
Turkey figs was found to reach a maximum at a certain stage of maturity 
and then dropped off. The large green figs were found to contain the most 
activity per fig. Therefore, one would want to harvest the figs at this stage of 
maturity for production of the optimum amount of ficin. 
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TABLE 9 
Effect of size and maturity on the proteolytic activity of Calimyrna figs 


Units activity/hg 
= Organic 
Maturity - - ouees — aaieet Nitroger 
a Socios Activated 4 ta Activated 
at a ¢ ¢ Ve 


Units activity/mg. hg 


48 9.07 37.8 
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14 35 52.8 
18 5 
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79 
5.60 
0.162 
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0.144 
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TABLE 10 
Effect of size and maturity on the proteolytic activity of Black Mission figs ! 
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ybtained from Fresno and were not caprified 


As the fig reached the straw ripe stage, the proteolytic activity was found 
to decrease in all of the varieties studied. But it did not disappear completely 


even in the ripe fig; the remaining activity being some 10-20% of the orig- 
nal amount present. This is still sufficient enzyme in a fig to clot 140-160 ml. 


of milk in one minute. 

The measurement of the organic solids gave an indication of the maturity 
of the fig as shown by the tables. The extractable solids were found to in- 
crease from a value of around 8% for the green fig to 30-40 per cent for the 
ripe fig depending upon the degree of dehydration. This simply represents 
an increase in the sugar content as the fig matured. The per cent nitrogen was 
found to decrease as the fig matured but when expressed on an absolute basis 
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it will be seen that it remained about constant throughout the growth and 
maturation of the fig. 

Proteolytic activity of dried figs. The ripe figs for which data are given 
in the last section were obtained from the trees and had undergone only a 
slight amount of dehydration. Samples of sun-dried figs were obtained and 
analyzed for proteolytic activity. As shown by the data in Table 11, sun- 


TABLE 11 
Proteolytic activity of dried figs measured by the casein digestion method 








om Units activity/mg. fig U wits extiviey /f 
Variety Weight pate >" Qeapeeenpren zene el, Pee Organic 
. ty “ 7 4 . Aetiv: 
activated Activated Activated 


Nitrogen 


Not 
Activated 





ao 
€ 


(arams) 
Adriatic 14.76 | 0.551 2.3 8.14 ‘ * 0.608 
Conadria 10.05 0.802 1.3 8.06 3. 0.860 
Calimyrna 17.88 0.458 0.736 8.20 3. 32. 1.03 
Kadota 9.82 0.515 0.947 5.05 f . 1.09 
Black Mission 8.98 0.628 1.34 5.65 0.805 
184-15 13.5 45 12.4 37.8 1.56 


dried figs still contained approximately 12% of the activity originally present 
in the figs at their optimum peak of activity. However, processed dried figs 
did not contain any activity. 

Proteolytic enzymes do not exist completely in the active form in figs. 
In green figs the enzymes were found to be 75% active on the average. This 
value dropped to about 50% for straw-ripe figs and 20-30% for tree ripe 
figs. This indicates that the natural activators of the enzymes decreased as 
the fruit matured. About 50-60% of the enzymes were found to exist in the 
active form in the sun-dried fruit. The reason for this high value is not 
known; it 1s rather unexpected. 

Although the fig contains only about 2% as much activity as the latex, 
there is a large amount of enzyme present. It appears that there is a good 
possibility of obtaining ficin from figs commercially. As mentioned, it does 
not appear feasible to obtain ficin from the latex in this country. If a meth- 
od could be worked out for extracting the ficin from the fig, from the prun 
ings of the tree and perhaps from fig shoots grown for this purpose, then 
the ficin produced by this method shou'd be able to compete successfully with 
the other sources of ficin and with the suppliers of papain and bromelin. 
That such a method can be worked out has been shown in the case of the 
Hawaiian Pineapple Company and its production of bromelin. 


SUMMARY 


A four-fold variation was found in the ficin content of the varieties of 
figs studied. The proteolytic activity per unit weight of fig remained about 
constant up to the stage of straw-ripe. As the fig ripened the ficin content 
decreased to about 10-20% of the amount present at the optimum stage of 
maturity. This optimum stage of maturity is the large-green stage. Even 
sun-dried figs retained approximately 12% of their original amcunt of activ 
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The green fig contains sufficiest ficin to make it profitable to look for a 


IL\ 


method of extracting the material 


LITERATURE CITED 

Jounson, M. J. Isolation and properties of a pure yeast polypeptidase. . tol. Chem 
137, 575 (1941) 

Jounson, M. J. A rapid micromethod for estimation of non-volatile organic matter 
J. Biol, Chen 181, 707 (1949) 

Wurtaker, J. R. The ficin content of the latex from different varieties of / 
carica L. Food Research, 23, 364 (1958). 

Wurtaker, J. R. Properties of the proteolytic enzymes of commercial ficin 
search, 22, 483 (1957) 





EFFECT OF TEMPERATURE AND BRUISING ON SUGAR AND 
ACID CONTENT IN FREE-STONE PEACHES 


CLARENCE STERLING 
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(Manuscript received April 3, 1958) 


It was determined earlier (17) that free-stone peaches become relatively 
sweeter and less tart within 24 hours after being bruised. Because there is 
an absolute decrease in the percentage of acid in the bruised fruit, respiratory 
changes appear to be involved. Consequently, environmental factors which 
can influence the rate of respiration might be expected to play a role in the 
sugar and acid metabolism of the wounded fruit tissues. Of such factors, that 
of temperature was chosen for further investigation. 

Temperature relations during storage of normal, unbruised peaches have 
been studied by Bigelow and Gore (4), Haller and Harding (6), and Neubert, 
Schultz, Bedford and Carter (12). These investigators have observed no 
consistent trends in the content of sugar and acid as affected by temperature 
According to Haller and Harding (6), the percentual amount of sugars will 
vary, depending on the relative rates of both transpiration and respiration at 
different temperatures. Likewise, the acid content is said to fluctuate con 
siderably as a function of temperature. Similar types of irregular variations 


were recorded by Bigelow and Gore (4), depending also upon the fruit vari 


> 


ety. Although sugar content was indifferently affected, Neubert et al. (72 
indicated that the acid content of stored peaches decreases with time. No 
specific thermal effects on acids were described for the range of temperatures 
used (“room temperature’, 75°, 85°, 95° F.). Studies of bruising in cherries 
by Pollack et al. (15) have not been concerned with the respired substrate. 


MATERIALS AND METHODS 


Three separate collections of fruit were made from a single tree of : 
of free-stone peach in late August, 1957. On each collection day, 40 peach« 
into groups of 8 for storing at 5 different temperatures. Half of each fruit 
thoroughly (16), and the unbruised half was lighty marked before the fruit 
in storage. The sample groups were held for 20 hours at the following temper 
70°, 95°, 115°, and 130° F. and frozen at — 15° F. (Blowers were operated conti 
in all storage rooms). The bruised halves in each group were separated from the ur 
halves along the fruit sutures while still frozen, and all were placed in polyethylene bags 
and held at — 15° F. for analysis 

Moisture, sugar, and acid contents were determined on a composite samp) 
sample group. The analyses were made according to the schedule outlined earlier 
free acid by titration to neutrality and sugars by the alkaline ferricyanide-cer 


method." 


RESULTS AND DISCUSSION 
Table 1 presents the analytical results of the experiment. Although care 
was taken to leave the peach skin intact during the bruising operation, the 
bruised halves tend to lose slightly more moisture than the corresponding un- 


* The author is grateful for the help of R. E. Hughes, Jr. in performing these analyses 
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TABLE 1 
Sugar, acid, and moisture content of bruised and unbruised free-stone peaches 


Content 
Treatment ! 
Moisture Sugar ? 
(7 (%) 
86.9 38.9 
86.8 40.8 


87. 43.3 
87.: 38.6 
87. 


36.1 
87 32.7 


) 
4 


88 41.4 


88. 40.7 


39 
4 


Ives 


used ha ‘re 18 a progressive decrease in moisture 


tent with incre: It is quite probable that the actual de 

ase, Which is due to transpiration or evaporation, is much greater than that 

measured. Hence the metabolism of organic materials has not only provided 

additional moisture directly for the fruit but has also created an apparently 

moisture content indirectly by the disappearance of solid materials. 

(A significant volume decrease, together with the presence of fluid exudate, 
was observed in peaches held at the highest temperatures. ) 

If the peaches at 34° F. are regarded as being essentially unaltered after 
20 hours of storage, the fluctuations of sugar content with temperature (and 
bruising ) are not constant. In the absence of other overriding considerations, 
it is probably reasonable to assume that there is no principled difference in 
sugar content between bruised and unbruised peaches. The slightly lower 
amount of sugar in most bruised samples here is counterbalanced by the 
slightly higher amount found in the earlier study (77). Since the propor 
tionate amount of sugar does not vary greatly at different temperatures, it 
can also be assumed that the rate of sugar metabolism parallels the rate of 
water loss at the temperatures used. 

In correspondence with these data, Miller and Brooks (9) found practi- 
cally constant contents of sugar and acid-hydrolyzable polysaccharides at all 
temperatures essayed. During storage (or in transit) virtually unchanged 
sugar contents were also reported for peaches by Allen (1), Matsumoto (8), 
Culpepper and Caldwell (3), and Putterill and Dreyer (10). 

In both the bruised and unbruised fruit, in contrast to the results of Haller 
and Harding (6), titrable acidity (1.e., total free acid content) decreases as 
the temperature increases (Table 1). However, the rate of change differs in 
the 2 treatments. Although unbruised specimens held at 70° F. differ little 
34° F., the bruised peach at 70° F. has lost a quarter of the 


trom those at 
total acidity present at 34° F. The maximum difference in free acid content 
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between bruised and unbruised fruit probably occurs in the 70°-95° F. range. 
At temperatures lower and higher than this range, this difference decreases. 

It is noteworthy that the acid content of the unbruised peach is equal to 
that of the bruised one at 34° F. and again at 130° F. At the lower temper- 
ature, it can be readily imagined, metabolic changes are considerably re- 
tarded ; hence an acid-metabolizing system is not effectively accelerated by 
bruising. On the other hand, the destruction of differential permeability 
(i.e., selectivity) of the cellular plasmatic membranes at the higher temper- 
ature (130° I.) is obviously identical with the loss of selectivity due to phys- 
ical destruction of the cells. Moreover, the heat can be imagined to accelerate 
metabolic changes in the fruit to such an extent that a bruising effect is not 
significant. A temperature of 130° F. is certainly a lethal one for the pa- 
renchyma cells of the fruit. 

The generally reported sensitivity of free acid content to storage condi- 
tions (4,5, 8) is matched by its sensitivity to bruising. Since, except for quin- 
ic acid (2), the principal acids reported for peaches are citric and malic (3, 7, 
10, 11,13, 14), which are functional members of the Krebs cycle, it is rea- 
sonable to expect their preferential utilization in respiration. The practicality 
of stimulating free acid disappearance by bruising or by temperature control, 
in order to improve the flavor of free-stone peaches, remains to be tested 
under commercial conditions. 


SUMMARY 


3ruised and unbruised free-stone peaches were held at different tempera- 
tures for 20 hours. The moisture content decreased somewhat with higher 
temperature. Although the sugar content in both bruised and unbruised 
peaches remained fairly constant (probably due to a rate of destruction al 
most equivalent to the rate of water loss), the content of free acid decreased 
with increasing temperature. The maximum difference in acid content be- 
tween bruised and unbruised fruit probably occurs at temperatures between 
70° and 95° F. Acid content in bruised peaches is equal to that of unbruised 


at 34° F. and at 130° F. 
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Salt is not commonly added to meat in taste panel evaluation. This prac- 
tice has been based upon two factors. First, panel members differ greatly in 
the amount of seasoning they prefer, and thus the addition of salt during 
preparation may affect scores. However, this objection can be overcome by 
allowing each panel member to add salt to his own individual taste. Second, 
it is a common belief that salt may result in masking of some flavor compo- 
nents, thereby preventing critical evaluation. It has been suggested (2, 9) 
that the flavors so masked may be either desirable or undesirable. Thus, the 
addition of salt may actually prevent detection and evaluation of certain de 
sirable flavors, but on the other hand, may cover up certain undesirable com- 
ponents, thereby resulting in an improvement of score. 

It is well established (7,3,4,7) that irradiation produces off-flavors in 
meat products. Thus, if the addition of salt could be used to achieve any 
significant improvement in flavor of irradiated meat products, it would be 
of considerable importance. This is more meaningful when one considers that 
salt is commonly added to meat items either in preparation or by the con 
sumer just prior to eating. Therefore, it is important that the effect of adding 
salt upon the scores of irradiated meat be investigated. 

Although experiments have been conducted to investigate the effects of 
salt on panel scores for vegetables (10) and upon cooking losses of certain 
beef cuts (8), information is not available in the literature on the effects of 
added salt upon the panel scores of beef. Consequently, this study was de- 
signed to ascertain the effects upon panel ratings of allowing members to add 
salt to their individual taste. 


EXPERIMENTAL 


Preparation of meat. Six pairs of U.S. prime wholesale beef ribs were obtained 
from cattle all fed in the same manner. Seven days after slaughter, the Longissimus dorsi 
was stripped from the wholesale ribs and paired right and left roasts were cut to fit into a 
No. 2 can. Roasts were inserted in polymylar bags, which in turn were placed in the cans 
and roasted to an internal temperature of 71° C. in an electric oven held at 149° C. Fol- 
lowing roasting, the meat was cooled slightly and the bags were heat sealed. Cans were 
then sealed under 28 inches of vacuum and cooled to 2° C. 


* Journal Article 2167 Michigan Agricultural Experiment Station, East Lansing 

>This paper reports research undertaken in cooperation with the Quartermaster 
Food and Container Institute for the Armed Forces, QM Research and Engineering 
Command, U. S. Army, and has been assigned number 825 in the series of papers ap- 
proved for publication. The views or conclusions contained in this report are those of the 
author(s). They are not to be construed as necessarily reflecting the views or indorse- 
ment of the Department of Defense. 
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Allotment and irradiation. Paired cans were coded and labeled, so one can of each 
pair could be used as the unirradiated control and the other one could be irradiated. The 


cans to be irradiated were packed into boxes and taken to Ann Arbor, Michigan, where 
This 


they were irradiated in the Fission Products Laboratory, University of Michigan 
trip required about 1 hours time by automobile. All samples were irradiated with a 
gamma source at a level of 2.79 megarads and returned to the Michigan State University 
Meats Laboratory. All cans were stored at 2° C. except while being irradiated and 
enroute 

Presentation to panel. Paired samples were heated for 40 minutes in a 149° C. 
oven. Roasts were cut into portions 
Thus, each judge received one irradiated and one 
sisted of 20 judges, one-half of which were allov 


and presented by pairs to experienced panel members. 


unirradiated sample. Each panel co 
ed to salt the meat to their individual 


N 
taste while the remainder were asked to score the meat without the use of salt. The 


that each judge was reversed on his next subsequent sitting, 1. 


allowed to add salt were given no salt at the next sitting. A total of 6 different 
1els were held involving 120 paired judgments on 240 samples made by 46 different 
on 2 panels, 16 


was designed so 


judges. All judges except 6 were reversed at least once, with 23 servir 
m 4 panels and 1 on all 6 panels. Scoring was on the hedonic scale ( 


for each set of judges 


ve 
5 4) 


Statistical analysis. Correlation coefficients were calculated 
1" i rom zero, indicating that the second score of 


and found to be not significantly different fron 
was not related to his first score. Since there was no correlation between judges’ 
rried out. As there was no interaction between 


panels and treatments, the sum of squares due to this interaction was combined with the 
to form the final error term 


an analysis of variance was 


sum of squares due to variation between judges’ scores 


RESULTS 


Acceptability ratings are s warized in Table 1. The mean score of all irradiated 
samples (4.95) was significantly lower (P = <.01) than the corresponding rating for 
all unirradiated control samples (7.39). This is in agreement with a number of studies 


1,3,4,7) in which irradiation has been shown to lower acceptability. 


TABLE 1 
Panel scores of irradiated and unirradiated beef roasts with and without added salt 


t 


4.64 
5.08 : 5. ; y 5.27 
7.09 
7.36 


6.09 


Panel N 


Irradiated + added salt 5.00 
Irradiated without salt 
Control + added salt 8.00 
Control without salt 


Means 


~~ 


Table 1 shows all 6 mean panel scores were remarkably 
i 6.09 to 6.25. Thus, it is apparent that the reaction 


sumilar with a maximum range from 
of each panel was alike. In considering the irradiated samples with added salt, the range 
had a range of 4.00 to 


was from 4.09 to 5.82, while the irradiated samples without salt 
5.36. Upon comparing all irradiated samples with added salt to the unsalted samples, the 
yver-all means were 5.02 and 4.87, respectively. A breakdown of the data by individual 
3 and 6 the irradiated samples without salt had slightly 
wheras with panels 2, 4 and 5 the reverse was 


Examination of the data in 


panels reveals that in panels 1, 
higher mean scores than those with salt, 


true 
With the paired unirradiated control reasts, the over-all acceptability 
7.48 for those with added salt and 7:30 for those without salt. Examination of the data 
by individual panels shows those without salt were rated higher by panels 3 and 6 and 
yvanel 5, while those with added salt were preferred by panels 1, 2 and 4 


were equal in pat 
This is in general agreement with the work of Whitacre (10), in which no evidence was 
found that either addition or omission of salt in cooking vegetables enabled judges to 


letect small differences better in one case than another 


means were 
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Statistical analysis (Table 2) showed that even though the difference between the 
irradiated and unirradiated samples was significant at the 1% level, there was no signifi- 


cant difference between the salted and unsalted sample averages regardless of whether they 


TABLE 2 
Summary of analysis of variance 


Source of variation Degrees of freedom 


to 
co 


Total 
Panels 
Irradiated versus unirradiated (I) 
Salt versus no salt (S) 

Interaction (I xX S) 

Error term 


es 


* Highly significant 


were irradiated or unirradiated. Furthermore, the interaction was not significant, showing 
that both irradiated and unirradiated samples with or without added salt were preferred 
equally. 

DISCUSSION 

Members of panels evaluating irradiated meats have frequently com- 
mented that salt and other seasoning would help to obscure the flavors pro- 
duced by irradiation. However, examination of the data fails to substantiate 
this belief. Although the over-all differences were slightly higher for the 
samples to which salt was added, the differences did not approach signifi- 
cance. The fact that added salt was without influence on panel ratings is 
borne out by examination of the data by individual panels for both irradiated 
and unirradiated samples (Table 1). With the irradiated roasts, a compari 
son of acceptability ratings shows that the unsalted samples were preferred by 
3 out of 6 panels, thus verifying the fact that the difference in scores was not 
significant. Acceptability ratings for the unirradiated control roasts without 
added salt were rated higher by 2 out of 6 panels and were equal once. Thus, 
it was shown that allowing panel members to add salt to samples was with 
out measurable influence on acceptability ratings. 

It is obvious from the results of this study that adding salt to either irra- 
diated or unirradiated beef roasts was without effect on score. Thus, there 
is nO apparent reason why salt should be used in scoring either unirradiated 
or irradiated beef roasts. As the addition of salt during preparation requires 
extra effort and adds another variable, there appears to be no sound basis for 
adding salt to obscure the irradiation flavor. This is apparent when it is con- 
sidered that allowing each judge to add salt to his own individual taste did 
not appear to measurably alter his score as compared to the unsalted product. 

Even though there was no obvious reason for adding salt to either control 
or irradiated beef roasts, this does not produce the possibility of salt masking 
certain desirable or undesirable flavors in other types of foods processed in a 
different manner. However, this study shows that added salt does not meas- 
urably improve the score of unirradiated controls or irradiated beef roasts. 


SUMMARY 
The effect of added salt upon panel scores of irradiated and unirradiated 


beef roasts was studied. Allowing panel members to salt meat to their own 
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individual taste did not significantly alter preference ratings for either the 
irradiated or unirradiated meat. Thus, the addition of salt did not mask the 
irradiation flavor or have any apparent influence on the flavor of the unir- 


radiated meat. Consequently, there would appear to be little reason for using 


added salt in evaluation of either irradiated or unirradiated roasts 
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A common problem with which taste panels are faced is that of distin- 
guishing between two similar samples. The most widely used experimental 
designs for the solution of this problem are pair tests, duo-trio tests, triangle 
tests, multiple comparison tests, and their various modifications. All of the 
preceding tests have in common the fact that a decision is based on the pro- 
portion of correct judgments made by the panel members. In comparing the 
relative merits of the various experimental designs, apparently conflicting 
results have been obtained. Byer and Abrams (2) conclude that pair tests 
are superior to triangle tests. However, Harrison and Elder (5) call the 
triangle test “obviously more efficient” than the pair test. Gridgeman (4) 
concludes that “. .. pair tests and triangle tests are normally about equally 
powerful and appreciably superior to duo-trio tests.” Hopkins and Gridge- 
man (6) have shown that, in consideration of their respective powers, “tri- 
angular tests have a statistical advantage over duo-trios and pairs.” In certain 
situations, experimental evidence would seem to indicate a preference for 
multiple comparisons (11, 12). The purpose of this paper is to consider a 
modification in the analysis of the triangular test, rather than to indicate the 
best experimental design (even if such were possible). 

Although other than statistical considerations are important in most 


experimental situations, the statistical advantage of triangular taste tests is of 
sufficient merit to warrant further investigation of this technique. With this 
in mind, the authors have developed a statistical procedure for the evaluation 
of triangle test results which improves the analysis of these results, using as 
a criterion of improvement the powers of the conventional and modified test 


procedures, 

Although the emphasis is primarily on the statistical aspects of this tech- 
nique, it is recognized that the usual problems of coding bias, panel selection, 
fatigue, and other personal factors exist and must be dealt with by the experi- 
menter. For discussions of these problems, the reader may consult the cita- 
tions (1, 7, 9, 10, 13) contained in the reference list. 


SOME THEORETICAL ASPECTS 

Let us assume, for the purpose of this paper, that the primary concern rests 
in the question: “Is there a detectable difference between samples A and B?” 
The intensity (3) of such a difference has been omitted from consideration, 
not only to simplify the analysis of the test but also due to the fact that prac- 
tical situations exist for which the intensity is not a factor. 

For example, a certain commodity X contains 1% of an additive Y. It is 
desired to increase the percent of Y without substantially changing the flavor 
of X. If the flavor difference is detectable, the percent of Y will not be 
changed. However, if increasing the percent of Y to say 3% does not incur 
a detectable difference, the higher percent of Y may be used. In cases such 
as this, the intensity of the difference is of no consequence. The question is: 
Does a difference exist (regardless of degree) ? 

In a triangle taste test, wherein the panel attempts to determine which of 
3 aliquots is the “odd” or different aliquot, one would expect to pick the “odd” 

388 
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aliquot once im every 3 times on the average by merely guessing. In the 
notation of Gridgeman (4), let us define the probability of correct discrimina- 
tion as Py and the probability of picking the “odd” aliquot by guessing as !’, 
equals 1/3. Then the proportion of correct judgments in the long run is, by 
the law of compound probability : 

P= Pp, + P, (1 — P,) or P = (1 + 2Pe) /3. 


Obviously, if there is no detectable difference in the samples, Pg is O and P 
is 1/3. However, if there is a readily detectable difference, Pg will be greater 
than 0 and hence I’ will be greater than 1/3. This suggests the null hypothesis 
that the probability of correct discrimination is zero, which is the common 
null hypothesis for sensory difference tests. An alternative hypothesis that 
I’, is greater than zero is then also suggested by the foregoing. Of course, in 
practice P. is st Idom if ever specitiable a priori Chis poses no difficulty In 
the present situation, however, if we consider the alternative hypothesis 


specifying a set of values of Pg (any I’, greater than zero) rather than some 
hypothesis implies no detectable difference 


+} 


single value. Clearly, the null 
he sake 


whereas the alternative hypothesis implies the opposite 
all j1 f a giver 


favor contrast. For testing this assumption, as well as for estimating }’y, the 


reader is referred to Hlopkins and Gridgeman (6). (The authors are presently 
1 


of simplicity, we shall assume equality of the Py for 


\ pot! eses wl erein e¢ uality ot Pa ‘i I ] 


considering more general alternative 
1iges is not assumed. ) 


In terms of a statistical lative hypotheses 


respectively, [he alternative hypothesis is then a composite hypothesis, i.e 


t is consistent for more than one value of P. For testing the above hypotheses, 
1 test should be used. In other words, the critical region (that set 


one-tailed 

of results which leads to the rejection of the null hypothesis and implies the 
wcceptance of the alternative hypothesis) consists of only large values « 
P(P > 1/3) 

In any statistical test procedure, two main types of errors are to be con 
sidered. These two errors are termed the type I and type II errors, where 
the type I error is the error made in rejecting H, when in fact it is true and 

I] error is the error made in failing to reject the null hypothesis 
lhe above errors are commonly referred to as the 


the type 
when in fact it 1s not true 
producer's risk and the consumer’s risk, respectively, since an error of the 


lirst t 


ype usually results in rejecting an acceptable item and an error of the 
type usually results in the consumer being exposed to a nonacceptable 
mn 


set ond 
item. In taste testing, committing a type I error results essentially 
mistake by which the consumer is not adversely affected. However, com- 
mitting a type Il error may result in adverse consumer reaction. Thus, it is 
desirable to keep the probability of both errors small, but especially the proba 
bility of a type II error. Unfortunately, the type II error is frequently 
neglected in analyzing taste test results (/4). 

The probability of committing a tvpe | error is denoted by a and the 
probability of committing a type IT error is denoted by 8. For a given test 
procedure, the critical region is determined by specifying a. The optimum 
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test situation is one in which, for a specified a, 8 is a minimum. However, for 
fixed sample size, a and 8 vary inversely. Therefore, choosing a = 0 would 
make 8 a maximum and conversely. In experimental situations, however, an 
a = 0 is an impractical restriction ; consequently, an a of .05 or .01 is con 
ventionally used (8). Minimizing 8 is equivalent to maximizing 1 — 8, which 
is called the power of the test. In a test situation where the alternative 
hypothesis is consistent for more than one value of P, the power of the test 
varies with the particular value of P which is selected. In this case, we obtain 
the power function which gives the power of the test for the various values of 
P between 0 and 1. Of course, the values of P which are of interest in the 
triangle test are P = 1/3 (H,) and P > 1/3 (H,). Values of P less than 1/3 
are not meaningful in this situation. The power function then appears to b 
one reasonable criterion for choosing between two test procedures 
Conventionally, the procedure for analysis of triangle test results uses the 
binomial expression : 
(1.1) (P+Q)2=% (2} ro" 


x o 


where x is the number of correct determinations out of a total of n determi 
nations, P (the probability of a correct determination) is specitied by the 
null hypothesis and Q = 1—P. For a specified a, the critical region is 


determined by solving the expression : 
an 5 (4) me. 
x=, P ey 

for Xo. In a given experiment, the null hypothesis is rejected whenever tly 
number of successes is equal to or greater than x,. Since the binomial is ; 
discrete distribution (x assumes only integral values), (1.2) is expressed 
as an inequality rather than an equality. Unfortunately, unless n is sufficiently 
large, the term on the left side of (1.2) will vary from a by a great deal (sec 
section on procedure). Although it may not be obvious without a numerical 
example, this in turn increases 8 and hence decreases the power of the test 

\s a partial solution to this problem, the authors propose the use of the 
multinomial rather than the binomial distribution. Let us assume, for the 
sake of simplicity, that the experiment involves 3 replications or trials by 
each judge. (It should be realized that small-sample designs involving other 
groupings of judges and replications are not only possible but of considerabk 
interest. Power considerations would be of importance in these cases also, as 
a means of choosing appropriate designs. However, the authors feel that 
consideration of these cases would tend to make the present paper too lengthy 
for the purpose intended.) There are then 4 possible results. A judge may 
make 3,2, 1, or 0 correct decisions. Let 


x1 be the number of judges making 3 correct decisions 
x» be the number of judges making 2 correct decisions 
x, be the number of judges making 1 correct decision 

x, be the number of judges making 0 correct decisions 


and let: 
IT; be the probability of a judge making 3 correct decisions 
IIx be the probability of a judge making 2 correct decisions 
II, be the probability of a judge making 1 correct decision 
11, he the probability of a judge making 0 correct decisions 
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The lM, values are then determined by the following considerations: The 
probability of a judge making 3, 2, 1, 0 correct decisions out of 3 possible 
correct decisions, when the probability of a correct decision under the null 
hypothesis is 1/3, is given by the binomial expressions: 
Il, = probability (r,n) = ( 7 ) PrQ** 


where r = 3,2, 1,0;n = 3; P = 1/3; and Q 


We then have: 


Il, probability 
II, = probability 
Il; = probability 
Il, = probability 


Che null hypothesis could then be written as: 
7 | R 7 


H, : I, — ] a. II. = 0/2/, Iz 12 a. I, ‘ ~/ 
but this is exactly equivalent to writing 

H, : P= 1/3. 
Hy, 


Hence the simpler form will be used along with 


i 


nomial expression corresponding to (1.1) is then: 

K! 
13) (i, + MM, + Is + y)* = — 
1+ Mt Met Me) = 2. TKK Kal 


a | 


Ie TPs IPs Ibs 


where k is the number of judges on the panel and 3x; = k. For a specified 


value of a, (1.3) may be summed over the values of x; which tend to discredit 


the null hypothesis and such that the sum is less than or equal to a. The rela 
the section on 


tively greater power of this method will be illustrated 1 


procedure 


PROCEDURE 
For illustration, let us use 4 judges and 3 replications. There are then 12 
possibilities of a correct determination. If no readily detectable difference 
exists between the samples, approximately 4 correct decisions (1/3 of 12) 
would be expected. The reader should realize, however, that the proportion 
of correct judgments will be close to 1/3 only if the experiment is repeated 
a large number of times. In single experiments, the results will vary about 
1/3 by a chance amount when there is no readily detectable difference. The 
hypotheses are: 


H, :P = 1/3 aad Hy, : P > 1/3. 


Let us select an a of .05. This means that a certain set of results will be 
assumed to indicate a real difference between samples whenever the chance 
of such results is less than 5 in 100 under the null hypothesis. Under these 
conditions we shall, of course, expect to be wrong 5 times out of 100 in the 


long run. The two forms of analysis follow: 
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Binomial: 
Here we have: 


(1.4) ‘ ( 2 ) P#Qe= ‘: 


o x 


Then (1.2) becomes: 


(1.5) . (= )c1/3* (2 3) #2 * = 05 


N 
— x 
x=X, 


which is found to be consistent for x, = 8 by consulting the binomial tables 
(15). Therefore in this test, the null hypothesis would be rejected whenever 
8 or more correct determinations were made. It should be pointed out, how- 
ever, that the left side of (1.5) is actually equal to .019 for x, = 8. 


Multinomial: 

The terms of the multinomial are given by: 
(1.6) } = —~ (1/27)™ (6/27 )** (12/27 )** (8/27 )™ 

— X,! Xe! Xs! X,! + 7 PT x 

These are arranged by ordering the number of successes (0-12) and the terms 
corresponding to each number of correct determinations. (Actually then, the 
first stage ordering of these terms is a binomial ordering and the multinomial! 
ordering is the second stage. However, since the improvement results from 
the multinomial break-down and ordering, the whole procedure is termed 
multinomial.) The reader will notice that for each number of correct determi 
nations there may be several multinomial terms. These terms, each cor- 
responding to the same number of correct determinations, are then ordered 
by considering the probability of their occurrence under H, and Hy), ie., the 
terms least likely under H, are placed nearest the rejection region. In order- 
ing the multinomial terms, several possibilities exist, but the method used 
herein is felt to be the most practical since the probabilities of terms in the 
rejection region consistently increase with increasing values of P. This 
illustrates the practical utility of the multinomial in contrast to the binomial 
The binomial considers only the number of correct determinations, whereas the 
multinomial also considers the ways in which a given number of correct 
determinations could originate. 


For the case considered here, the inequality : 


' 
(1.7) ae. : (1/27)* (6/27)* (12/27 )** (8/27)™ = 0S 
my Na! Me! Kol Ke! 


is satisfied for 7 correct decisions or more providing that the 7 correct 


decisions are a result of: 
by et, age 
(1.8) X1 = 1, Xe , Xx =—0,x,= 1 
and 
= 0, X. = 3, X3 = 1, X 
or 


=1,X,-—1, X,=2, X, 
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\ problem, unique (among the results included) to 12 possible correct 
decisions, is encountered in this case. Both of the last two results have the 
same probability of occurrence; but, if both are included in the rejection 
region (1.7) becomes approximately .066 and the inequality is not satisfied 
Two possible solutions are to include only one of the results and to include 
results. Including only one, (1.7) is approximately .047 


neither of the 
However, in both cases the 


Including neither, (1.7) is approximately .027. 
resultant power is greater than under the binomial. In the binomial case, the 
orresponding expression is approximately .019. Ii one of these two results 
were obtained experimentally, an objective decision could be made based on 
the combination of a and 8 which was most advantageous to the experimenter 
the maximum a and minimum £ would be obtained if bot! 


For t xample, 


results were included and the converse would be true if neither were included 
lor the purposes of constructing the multinomial power function, one of the 


two results was included in the rejection region. 
lables 1 and 2 give the results which lead to a rejection of the null 
is for an a of .O5 and .O1, respectively, when 1, 2, 3, 4, 5, or 6 
nd 3 replications are used. For example, the results derived above 
lable 1 under 4 judges. There we find that 8 to 12 correct 


listed in 
1 


and the additional results listed in (1.8) lead to a rejection of the 
for an a of .05 
TABLE 1 
.OS5 Critical regions for multinomial triangular taste tests—i through 6 judges; 
3 replicates per judge 


TABLE 2 
.01 Critical regions for multinomial triangular taste tests—1 through 6 judges; 
3 replications per judge 
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POWER OF THE TESTS 


lhe power curves for the binomial and multinomial are given in Figure 1, 
for an a of .05 and for 4 and 6 judges. There, the power of the tests (1 — 8) 
is plotted against the various values of P. Since 8 is the probability of not 
rejecting H,, when in fact some value of P consistent with H, is true, 1 — 8 
may be arrived at by summing, for the various values of P, the probabilities 
of the results which fall in the critical region (See Tables 1 and 2). This has 
been done for values of P less than 1/3 also, in order to complete the power 
function. As pointed out previously, however, these values of P have no 
interpretation for the test in question. As evidenced by Figure 1, the power 
of the multinomial is consistently greater than that of the binomial for the 
two cases cited. (Similar results follow for an a of .01). For more than 6 
judges and 3 replications, the two power curves practically coincide. For 
these situations then, there is little advantage in using the multinomial rather 
than the binomial from the point of view of power. However, there is a 
sufficient number of small sample cases to warrant the application of the 
results derived from consideration of the multinomial. 


LITERATURE CITED 
1. Bennett, G., Spaur, B.. ANp Dopps, M. The value of training a sensory test panel 
Food Technol., 10, 205 (1956). 
Byer, A. J.. anp Aprams, D. A comparison of the triangular and two-sample taste- 
test methods. Food Technol., 7, 185 (1953). 
Davis, J.. AND Hanson, H. Sensory test methods. I. The triangle i 
335 (1954). 
GRIDGEMAN, N. Taste comparisons: two samples or three? Food Technol., 9, 148 
(1955). 

Harrison, S., AND Exper, L. W. Some applications of statistics to laboratory taste 
testing. Food Technol., 4, 434 (1950). 

Hopkins, J. W., ANp Gripceman, N. T. Comparative sensitivity of pair and triad 
flavor intensity difference tests. Biometrics, 11, 63 (1955). 

IsHier, N., Lave, A., ano Janiscn, A. Reliability of taste testing and consumer 
testing methods. II. Code bias in consumer testing. Food Technol., 8, 389 (1954). 

Kramer, A., anpD Ditman, L. A simplified variables taste panel method for detecting 
flavor changes in vegetables treated with pesticides. Food Technol., 10, 155 
(1956). 

Laur, E., IsHier, N.. AND Buttman, G. Reliability of taste testing and consumer 
testing methods. I. Fatigue in taste testing. Food Technol., 8, 387 (1954). 

Mackey, A., AND Jones, P. Selection of members of a food tasting panel: Discern- 
ment of primary tastes in water solution compared with judging ability for foods. 
Food Technol., 8, 527 (1954) 

Manoney, C., Stier, H., anv Crospy, E. Evaluation of flavor differences in canned 
foods due to the application of pest ides to the proce ssing crop. I. Studies lead- 
ing to the development of a simplified procedure for making flavor difference 
tests. Food Technol., 11 (9) Insert, p. 29 (1957). 

Mauoney, C., Stier, H., anp Crosry, E. Evaluation of flavor differences in canned 
foods due to the application of pesticides to the processing crop. II. A suggested 


simplified procedure for making flavor difference evaluations. Food Technol., 11, 


and related test systems for sensory analysis. Food Technol., 8, 


ntensity (T-I) 


(9) Insert, p. 37 (1957) 

Mitrcuestt, J. Time-errors in the paired comparison taste preference test 
Technol., 10, 218 (1956). 

Rapkins, A. Some statistical considerations in organoleptic research: triangle, 
paired, duo-trio tests. Food Research, 22, 259 (1957). 

Unitep States Department oF Commerce. Tables of the Binomial Probability 


Distribution, 1950 





A REVISED TABLE OF THE P, FUNCTION OF BALL AND OLSON 
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Commonwealth Scientific and Industrial Research Organization, 
Division of Food Preservation, Homebush, N.S.W., Australia 


(Manuscript received December 7, 1957) 


Ball and Olson (1) have developed a new formula method for calculating 
canning processes which has many important advantages over the older 
methods. It makes use of the very simple equation (equation 14.13a of their 
book), 

Z 
pan Sere te) coe eee eee eee oé* oee (1) 


where p is the percentage lethal heat necessary to sterilize, 

F is the number of minutes necessary to destroy organism at 250° F, 

f is the usual parameter representing the slope of the heating curve, 

c is the corresponding parameter representing the slope of the cooling 

curve, 

Z is antilog (T; — 220) /z, 

T, is the retort temperature, 

z is the slope of the thermal death time curve, 

P,, and P, are functions of g and z which have been tabulated, and 

g is the temperature difference between the critical point in the can and 

the heating mdium at the end of the heating phase. 
The term fP, is a measure of the lethal value of the heating phase and cP, is 
the corresponding measure for the cooling phase. 

Ball and Olson used graphical methods for determining the values of P), 
and P, quoted in their Tables. An analytical expression can be obtained for 
P, which permits greater accuracy of calculation than is generally feasible by 
graphical methods. This has been used in preparing the Table presented here. 

Alternative method of calculating P,. If the heating curve is linear 
when plotted logarithmically in the usual way, it follows from equation 
(12.18) of Ball and Olson (1) and from their definition of P, that 


100x 10°89 
2.3026 


where j is the lag factor expressed in the usual way and I is the initial tem- 
perature difference between the product and the heating medium. The second 
exponential integral in equation (2) is always negligible when the deviation 
of the heating curve from its asymptote (or tangent) is negligible at all tem- 
peratures above 200° F. or so. When this term is neglected, P, becomes a 
function of g and z only and it is easily calculated with the aid of Tables of 
exponential integrals (2). Equations (1) and (2) are framed in terms of 
simple, unbroken heating curves but it is one of the great virtues of the new 
method that it is very easily adapted to deal with broken heating curves or 
other more complicated cases. These adaptations have been described by 
Ball and Olson (1) and they need not be discussed further here. 
396 
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A problem in the practical use of the table of P, of Ball and Olson is that 
P, varies rapidly with z in a way which makes it very difficult to interpolate 
accurately along horizontal lines in the Table i.e. between integral values of z. 
The function 10*°*P, is much more convenient in this respect and therefore 
the recalculated values have been tabulated in this form in Table I. 


DISCUSSION 

The factor 10°°* included in the entries in Table 1 is, of course, the value 
of Z in equation (1) when the retort temperature is 250° F. If P, and P, are 
multiplied by this factor then Z should be replaced by 10°5°7T»/*, 

A number of discrepancies were found between the P, values quoted by 
Ball and Olson and those calculated from equation (2). In the parts of the 
Table which will be most often required in practice these discrepancies were 
mainly of the order which might be expected for errors in graphical integra- 
tion and smoothing. Larger discrepancies were found at some of the extremes 
of the Table, particularly for very large g values which will very rarely be of 
practical interest. These probably arose from graphical extrapolation, which 
can be a hazardous procedure. 

The values in Table (17) are quoted to four significant figures. This repre- 
sents far greater accuracy than is usually warranted by the experimental data 
which must be used in process calculations. The uncertainties in experimental 
lata are usually sufficient to make the third significant figure in a calculated 
lethal value very dubious and the second figure is generally uncertain. 

Linear interpolation along horizontal lines in Table [ is usually accurate 
to at least 0.2% for z not exceeding 25. Interpolation in the vertical columns 
may be more troublesome. In most parts of the Table, linear interpolation in 
the columns will usually be reliable to within 1% and this will generally be 
adequate. The use of an interpolation formula involving second differences, 
such as Bessel’s formula with higher differences neglected, will generally 
give accuracy to within 0.2% except when g > 15. Accurate values for 
g > 15 seem unlikely to be required in practice except on very rare occasions 
and then it will probably be best to calculate them directly from equation (2). 

Some values of z greater than 25 are included in Table I. They are un- 
likely to be required for ordinary process calculations but, following the 
precedent of Ball and Olson, they are included for the calculation of the 
destruction of thiamine or predicting the course of other reactions which 
have similar temperature coefficients. 

The function P. cannot be expressed by a simple analytical expression. 
Moreover an approximation to the form of the cooling curve is used by 
tall and Olson and there is evidence (3,4,5) that it is not always a good 
approximation. Consequently it is desirable to investigate the factors affect- 
ing the form of cooling curves in more detail before attempting to recalcu- 
late P.. Until this is done it will be desirable to have a method for making 
practical use of Table 1 together with Ball’s approximation for the cooling 
phase. The simplest procedure is probably to make use of Ball’s p function, 
which is the ratio of the lethal value of the heating phase to the total lethal 


value. When f= c, 


108° sp, 


10°°*( P, +P.) 
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Consequently 


10° (250-9, )/2 
p = —————_- . ° 109° p,, S47 es ayes ey (4) 
F p 

and p is easily calculated using Table 1 of this paper and Table 12.4 (Ball 
and Olson, 7). When f is not equal to ¢, a better procedure will be to sub- 
; ‘ ; ; f Py ' , 
stitute for p in equation (4) the expression —.,;——;,—, using values of 

p 1 I ~ thee, 8 
P, and P,. taken from Tables 14.3 and 14.4 of Ball and Olson to evaluate this 

expression. 
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Interest in the dehydration of foods has increased steadily in recent years. 
Dehydration is not only an effective means of preserving foods but also pro- 
vides significant savings in shipping space, weight and refrigeration. Suitable 
methods have now been developed for the commercial dehydration of meat, 
fish (3,4,5), and bean (2,10). Recently, Sheffner, Adachi, and Spector 
(13) published an in vitro method (PDR index) which accurately measures 
the net utilization value (biological value digestibility) of food proteins. 
The new procedure not only considers changes in total amino acid content 
but also the enzymatic availability of the component amino acids and has 
been successfully applied to the nutritional evaluation of heat processed and 
irradiated proteins (J2,13). The purpose of the present investigation was to 
determine by means of the PDR index the nature and extent of the nutritive 
changes in the proteins of beef, fish and beans which result from dehydra- 


tion. 


EXPERIMENTAL 


The beef * selected for this study was U. S. Good grade sirloin butt steak. Steaks 
were sliced one-half inch thick and were about 4 ounces in weight. The steaks were 
frozen and freeze-dehydrated at a plate temperature of 110° F. for 24 or 48 hours depend- 
ing upon the desired moisture content of the final product. The steaks were vacuum packed 
in cans or flexible packages with and without an in-package desiccant (calcium oxide). 
Dehydrated steaks were rehydrated by soaking for 30 minutes at room temperature. The 
steaks were pan-fried without added fat at 375° F. for a total time of 244 minutes, the 
steaks being turned every one-half minute 

Haddock * caught in the mid-Atlantic Ocean during the late summer months was 
used in this investigation. The fresh haddock was on ice 6 days before it was filleted. 
Fillets were laid in 10-pound blocks, frozen and sawed into sticks. Frozen fish sticks were 
freeze-dehydrated at a plate temperature of 100.4° F. and a pressure of 209-250 mw for 
28-29 hours. The dehydrated sticks were hermetically sealed under vacuum in cans. The 
fish sticks were rehydrated by soaking in water one minute at room temperature. Cooked 
fish was obtained by frying the fish for one minute in deep fat heated to 375° F 

Navy (Michigan pea variety), red kidney, and baby lima (Birdseye brand) beans ¢ 
were selected for this experiment. The navy beans were washed and soaked overnight. 
The soaked beans were then screened to remove those that had not swelled. Pre-cooking 


*This paper reports research undertaken at the Quartermaster Food and Container 
Institute for the Armed Forces, QM Research and Engineering Command, U. S. Army, 
and has been assigned Nr. 834 in the series of papers approved for publication. The views 
or conclusions contained in this report are these of the authors. They are not to be con- 
strued as necessarily reflecting the views or indorsement of the Department of Defense. 

» Present address: Mead Johnson and Company, Evansville 21, Indiana. 

* Beef and haddock samples were prepared by James Blair, Animal Products Branch, 
Quartermaster Food and Container Institute for the Armed Forces. 

“ Beans were selected and prepared by technologists of Plant Products Branch, Quar- 
termaster Food and Container Institute for the Armed Forces. 
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was done in a pressure retort at 245° F. for 2C minutes. The beans were frozen and dehy- 
drated for one and one-quarter hours in a Proctor and Schwartz through-air-flow tray de- 
hydrator at 170° F. utilizing low humidity. Red kidney beans were washed and soaked 
overnight, precooked at 245° F. in a steam-pressure cooker for 15 minutes, frozen, and 
dehydrated for six and one-half hours at 130° F. Fresh frozen lima beans were precooked 
by simmering at 212° F. for 18 minutes. The beans were then treated with 0.05% sulfite 
solution for one minute, drained, frozen, and dehydrated at 160° F. for 3 hours. Procedures 
for preparation of enzyme digests, amino acid analyses, and calculation of the PDR index 
were previously reported (14). 


RESULTS AND DISCUSSION 


Table 1 presents the pepsin digest-residue (PDR) indexes of beef samples 
subjected to one or several of the following treatments: dehydration, rehy- 
dration, cooking, and storage. The results indicated that dehydration, rehy- 
dration, and cooking (fresh or rehydrated) did not change the nutritional 


TABLE 1 


The pepsin digest-residue (PDR) amino acid index values 
of fresh, dehydrated, cooked ,and stored beef 


Treatment PDR Index 


None (frozen fresh) 

Fresh cooked.. Aexet ae 

Dehydrated (2% moisture) 

Rehydrated................. 

Rehydrated cooked a3 

Frozen fresh, stored 12 mo., —20° F. : a er 

Dehydrated (2% moisture), stored 12 mo., —20° F., flexible package 

Dehydrated (8% moisture), stored 12 mo., 70° F., flexible package 

Dehydrated (2% moisture), stored 12 mo., 100° F., canned 
moisture), stored 12 mo., 100° F., canned.... 


quality of the beef. Storage of raw beef at — 20° F. produced a 10% de- 
crease in nutritional quality, due primarily to destruction of small amounts 
of cystine, isoleucine, leucine, lysine, tryptophan, tyrosine, and valine; the 


release of amino acids by pepsin digestion was not impaired. Beef steaks 
dehydrated to 2% moisture had slightly higher PDR index values after stor- 
age for 12 months either at — 20° F. in flexible containers or at 100° F. in 
cans. If the beef steaks were dehydrated initially to only 8% moisture and 
then stored at 70° F. in flexible packages or at 100° F, in cans they did not 
show the increased nutritional values ; however, their values were equivalent 
to that of fresh beef. 

The PDR index values of fresh, processed, and stored haddock are pre 
sented in Table 2. It is apparent that dehydration, rehydration, and storage 
did not affect the nutritional quality of haddock. For fresh and dehydrated 
haddock PDR index values of 78 were obtained. This checks closely with a 
net protein utilization value of 74 obtained for vacuum-dried haddock by 
the nitrogen balance method (6). Under our conditions, cooking significantly 
increased the nutritive value of fresh and rehydrated haddock. Dehydrated 
haddock retains its nutritive value during storage even at 100° F. The essen 
tial amino acid composition of haddock was found to be in close agreement 
with that reported by Proctor and Lahiry (117) and Neilands et al. (9). 
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TABLE 2 
The PDR index values of fresh, dehydrated, cooked, and stored haddock 


PDR Inde 


Treatment 

None (frozen fresh) 

Fresh cooked 

Dehydrated 

Rehydrated.. ‘ 

Rehydrated cooked 

Frozen fresh, stored 12 mo., —20° F 
Dehydrated, stored 12 mo., —20° F. 
Dehydrated, stored 12 mo., 40° F 
Dehydrated, stored 12 mo., 100° F 


The effect of cooking upon the PDR indexes of kidney, lima, and navy 
beans is indicated in Table 3. The PDR index value of 75 for cooked lima 
beans is higher than the net utilization value of 58 reported by Metta and 
Johnson (7). Although this difference can be accounted for by variations in 
conditions (freshness, maturity), methods of preparation, and variety of 
bean, the extremely low net utilization value of 34 which Metta and Johnson 
found for raw lima beans is probably due to the growth inhibitors present in 
many legumes. The PDR index has been shown to predict the net utilization 
value of this type of product only if the “toxic” factors are inactivated by 
mild heat treatment (72). The results indicate, therefore, that the net utiliza- 
tion values of cooked kidney, 
values of 69 to 72 obtained for soybean (8, 12 
Everson and Heckert (7) also found that the biologi- 


lima, and navy bean proteins approximate the 
and are almost as good as 
those for beef protein 
cal value of heated lima beans compared closely with that of soybeans. 
Dehydration of the cooked beans did not produce significant changes in 
the PDR index values (Table 3). In addition, chili con carne, a combination 
item containing precooked dehydrated kidney beans as well as_ similarly 
treated meat had a PDR value of 77 which is equivalent to that of good 


quality beef alone 


TABLE 3 


Effect of cooking and dehydration upon the PDR index 
values of kidney, lima, and navy beans 


Treatmes t PDR Index 


Product 
Kidney bear None 69 


Kidney bean 
Kidney bean 


Lima bean 
Lima bean 
Lima bean 


Navy bean 
Navy bean. 
Navy bean 


Chili con carne ! 


1 Compositic 


burger; 6.68% 
ride; and 0.03‘ 


m: 
tomato solids; 


garlic powder 


3) 9% 


Precooked 
Precooked, 


None 
Precooked 
Precooked, 
None 
Prec ooked 


Precooked, 


Precooked, 


58.4% precooked, dehydrated red kidney beans; 25.3' 
3.9% beef soup and 


gravy base; 


dehydrated 


dehydrated 


dehydrated 


dehydrated 


2.97% chili 


woked, 


powder; 2.23% 


prec 


68 
70 


freeze-dried ham 
sodium chlo 
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The effect of heating upon the enzymatic release of amino acids from 
lima beans is presented in Table 4. Data show that in general there is no 
change in the quantity of amino acids released by pepsin ; however, following 
cooking of the beans there was a considerable increase in the amounts of 
amino acids released by the pepsin plus pancreatin treatment. Similar results 
were obtained with kidney beans. However, the quantity of amino acids re- 
leased by pepsin plus pancreatin digestion of cooked lima beans was de- 
creased by subsequent dehydration of the beans. Although it has been shown 
that the degree of digestibility with pancreatic enzymes per se is not corre- 
lated with the nutritional quality of a protein, the findings indicate that the 


TABLE 4 


Effect of cooking and dehydration upon the enzymatic 
release of amino acids from lima beans 





Pepsin | Pepsin plus pancreatin 


Amine acid Un Pre Precooked | — Un- Pre- Precooked 
processed cooked dehydrated| processed cooked dehydrated 











% liberation % liberation 
6.5 6.7 16.2 39.0 
2.0 2.0 16.2 
17.6 15.8 35.4 
1.7 2.0 0.0 
19.8 17.9 33.4 
8.8 8.8 27.5 
39.6 33.8 | 39.5 
37.2 35.8 | 37.0 
12.2 12.4 24.6 
39.6 34.6 46.6 
16.3 13.1 21.5 


Histidine 
Lysine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Leucine 
Isoleucine 
Valine 
Threonine 
Tryptophan 
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dehydration process is causing structural changes in the bean proteins. Al- 
though these changes do not reflect a decrease in the protein quality of the 
present product, they suggest that any further increase in severity of the 
dehydration process with regard to time or temperature will affect the avail- 
ability of the amino acids during digestion. 

The total essential amino acid compositions of kidney, lima, and navy 
beans were found to be similar (Table 5). Examination of the essential 
amino acid pattern furthermore revealed that the bean proteins were deficient 
only in the sulfur amino acids, methionine and cystine. In this respect, lima 
beans contained more of cystine which in some measure accounts for the 
higher PDR values of lima beans. In addition, the average essential amino 
acid content of lima bean protein is slightly greater than that of the other two 
types of beans. 

A comparison of the essential amino acid patterns of kidney and navy 
beans indicates that the pattern in kidney protein more nearly approaches 
that of the standard reference protein, whole egg. However, the protein in 
the kidney beans used in this study was considerably less susceptible to pepsin 
digestion than was the protein of the navy beans; consequently, the two fac- 
tors balanced out and the PDR values for the two types of beans were very 
similar. 
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TABLE 5 
Total ' essential amino acid composition of unprocessed, 
precooked, and dehydrated kidney 


Lima , Navy | Kidney ' 


Histidine 30.9 33.0 
Lysine 73.4 70.0 
Methionine 10.0 9.6 
Cystine &.8 13.6 
Phenylalanine 56.6 53. 
Tyrosine 32.1 33.5 
Leucine 86.4 90. 
Isoleucine 47.9 53 
Valine 55.1 
Threonine 44.8 
Tryptophan 14.1 


29.5 | 20.8 
70.3 | 74.1 

90 KS 

8.6 7.8 
53.8 56.0 
33.8 34.0 
1 | 87.0 
48.7 
55.0 
42.4 
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1 Expressed as mg./g. of protein (N x 6.25). Acid an drolysates were pref 
viously described (13). 


With respect to the destruction of amino acids, cooking, and dehydration 
were not found to have an appreciable effect upon the total essential amino 
acid content of any of the beans studied. 


SUMMARY 


Nutritional values are reported for dehydrated fish and meat, and pre- 
cooked, dehydrated beans as measured by the PDR index. The results indi- 


cate that dehydration and cooking of haddock and beef, and precooking and 
dehydration of lima, kidney, and navy beans do not decrease the nutritional 
value of the proteins in these products. Dehydrated beef and haddock 


retained their nutritional quality on storage at 100° F. as well as or better 
than the frozen fresh products. The nutritional quality of kidney, lima, and 
navy bean proteins approximated that of soybean protein and was nearly as 
high as that of beef and fish. 
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BUCKWHEAT AS A SUPPLEMENT TO 
ALL-VEGETABLE PROTEIN DIETS 


M. K. WYLD*, ROBERT L. SQUIBB” ann NEVIN S. SCRIMSHAW 
(Manuscript received January 6, 1958) 


Successful all-vegetable rations for poultry feeding employing locally 
available feedstuffs have been previously developed for use in Central Amer- 
ica (6,7). With this experience and other studies of the value of plants 
which grow well in the area, INCAP Mixture 8 (V M 8) a vegetable mix- 
ture for human consumption has been developed from local foods and tested 
(1,5). This formula has been shown to be effective for the treatment, and 
suitable for the prevention, of a form of severe protein malnutrition in chil- 
dren known as kwashiorkor which is common in Central America as in many 
other technically underdeveloped areas of the world. 

In order to improve the commercial practicability of this V M 8 formula 
for human feeding and also to give greater flexibility to the formulation of 
poultry rations from locally grown plants, the use of buckwheat (Fagopyrum 
esculentum) as a source of carbohydrates and quality protein in such mix- 
tures has been explored: Buckwheat is of particular interest since it is easily 
cultivated and yields well in the area and has been shown to have a relatively 


high nutritive value (9). 


MATERIAL AND METHODS 


Buckwheat (Fagopyrum esculentum) is reported to contain 11.2% of protein, 2.4% 
fat, 64.0% carbohydrates, 10.7% crude fiber, 17% ash and to have a lysine content of 
0.689% (2,3). The sample selected for these studies was grown in the Guatemala City 
area (elevation 5,000 feet). It was tested (a) as a replacement for the carbohydrate base of 
the V M 8 mixture and (b) as a source of lysine, which is one of the limiting amino acids 
of all-vegetable protein mixtures for chicks (8 

Straight run 3-day old New Hampshire chicks were employed. No more than 12 chicks 


écni 
were housed in each all-wire cage. Heat was thermostatically controlled as required by the 
age of the bird. All experimental animals received water and teed ad /:hitum, and were 


weighed individually each week for a 35-d i 


the efficiencies of feed utilization of the chicks are presented in Table 1 


iy period. The rations fed, number, growt! 


RESULTS 


Ground buckwheat was first tested as a substitute for corn and sorghur In experi 
ment 1, the buckwheat was fed to replace 0.0%, 33.3%, 66.6% and 100.0% of the ground 
corn of an all-vegetable protein diet containing sesame, cottonseed and corozo oil meals as 
the principal sources of proteins. The significant linear response in the growth of the chicks 
and increased efficiency of feed utilization to each increased percent of buckwheat 


except the first indicates that buckwheat was superior to corn in these rations 


* Servicio Cooperativo Interamericano de Agricultura (SCIDA), Guatemala, C. A 

"Consultant in Animal Nutrition, Instituto de Nutricion de Centro América y Panama, 
(INCAP), Guatemala. Present address, Poultry Science Department, Rutgers University, 
New Brunswick, New Jersey. 

* Director, Instituto de Nutricién de Centro América y Panama. A cooperative Institute 
for the study of human nutrition, supported by the Governments of Costa Rica, El Salvador, 
Guatemala, Honduras, Nicaragua and Panama and administered by the Pan American 
Sanitary Bureau, Regional Office of the World Health Organization. INCAP Publica 
tion 1-96, 
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In experiment 2, buckwheat was fed to replace the ground sorghum of an all-vegetable 
protein mixture containing sesame and cottonseed meal as the principal sources of protein 
(V M 8). The diets fed, number and growth rate of the chicks and efficiencies of feed 
utilization are presented in Table 1. It is obvious from the data that buckwheat was also 
superior to sorghum in the V M 8 type formula 

Results of experiments 1 and 2 were believed to indicate that the improvement 
observed in the growth of chicks fed buckwheat instead of corn or sorghum was due to its 
higher lysine content. To determine whether adding lysine would produce a further increase 
in growth, 0.4% was added to th vegetable ration containing buckwheat instead of corn 
No additional effect of lysine on growth was observed. As may be seen in the table, the 
addition of the lysine had no apparent effect on chick growth. The lack of any supple- 
mental value of lysine in this diet was tested again in experiment 4. In this trial, the 
ration containing the buckwheat was supplemented with 2 levels of (a) 1-lysine and (b) a 
dried blood meal which was added as a natural source of lysine (&). Data in the table show 
that again there was no apparent benefit from the addition of 1-lysine or dried blood meal 
as shown by chick growth and efficiency of feed utilization. 


DISCUSSION 


All-vegetable protein rations for baby chicks are usually deficient in lysine 
(8). The data of these trials indicate that when ground buckwheat replaced 
corn or sorghum in a simplified all-vegetable protein formula (INCAP V M 
8), the lysine requirement of the chick was apparently satisfied. This was 
supported by the fact that the addition of two levels of 1-lysine or of a dried 
blood meal, used as a natural source of lysine, did not have any further effect 
on chick growth or efficiency of feed utilization. 

Results show that buckwheat could become an excellent substitute for the 
corn or sorghum in an all-vegetable protein mixture for baby chicks. From 
the standpoint of the ease of cultivation and yield, buckwheat should be more 
widely used in baby chick rations 

The sensitizing effect of raw buckwheat in several animal species is well 
known (4, 10,11); it produces an occasional eruption and irritation of the 
skin upon exposure to light. This need not interfere with its potential use in 
vegetable formulas for human consumption since these are invariably cooked 
and since buckwheat flour has been extensively used as a staple of human 
diets. 

SUMMARY 


Ground buckwheat, Fagopyrwm esculentum, was found to be superior to 


corn and sorghum in an all-vegetable protein mixture containing sesame and 


cottonseed oil meals as the principal protein sources in rations for baby 
chicks. The data suggest that the improved growth of the chicks resulted 


from the additional lysine supplied by buckwheat in such a mixture. 
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